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Fo reword

The present study is part of the program "An Analytical Study of the
Exhaust Expasion System (Scramjet Scientific Technology)" being conducted
by the Jet Propulsion Center. Purdue 1niversity, Lafayette, Indiana, under
United States Air Force Contract No. F33615-67-C-1068, BPSN 7 (63 301206
6205214). The Air Force program mnitor was Lt. Gairy J. Jung~irth of the
Air Force Aero Propulsion Laboratory. This report presents a secotnd-order
numerical method of characteristics for three-dimensional supersonic
exhaust iozzle flow analysis. Volume II is the computer program user's
manuctl.

The contributions of Robert Craigin and Stephen Kissick in the devel-
opment of portions of the computer program and the plotting routines are
acknowledged.

This report was submitted by the authors on 30 Novemrber 1969.

Publication of this -eport does not constitute Air Force approval of
the report's findings or conclusions. It is published only for the
exchange and stimulation of ideas.

Gary i. Jungwirth
1st Lt., USAF
Project Engineer
Ramjet Technology Branch
Ramjet Engine Division
Air Force Aero Propuls:on Laboratory
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ACSTRACT

A new method of chi racteristics numerical scheme for three-dimensional
steady flow has been developed which ias second-order accuracy. Heretofore
all such schemes for three-dimensional flow have had accuracies less than
second-order. A complete numerical algorithm for computing internal super-
sonic flows of the type encountered in ramjet, scramjet, or rocket propul-

1sion systems has been developed and programmed for both the IBM 7094 andMCDC 6500 computers. The method has been tested for order of accuracy using
the exact solution for 5ource flow and Prandtl-Meyer flow. The results of
these tests have verified the second-order accuracy of the scheme. Addition-
al accuracy tests using existing methods for solution of two-dimensional
axisynetric flows have shown that the scheme produces accuracies comparable
to that of the two-dimensional method of characteristics. The computer
program has been used to generate the flow field for several three-dimension-
al nozzle contours dnd for nonsynimetric flow into an axisynmetric nozzle.
These results reveal the complex nature of three-dinpnsional flows and the
general inadequacy of quasi-three-dimensional analyses which neglect cross-
flow. An operationally convenient computer program was produced. The pro-
gram has the capability to analyze nonisoenergetic and nonhomentropic
flows of a calorically perfect gas or homentropic flows of a real gas in
chemical equilibrium. The initial-value surface options include uniform
flow, source flow, or axisyirietric tabular data. The nozzle boundary
options inLlude conical nozzles, axisynmetric contoured nozzles and
super-elliptical nozzles.
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SECTION I

INTRODUCTION

A computer program has been developed which can be used to obtain the
solution for a wide variety of internal supersonic flows having three-
dimensional spatial character. The analytical method, which is the basis

for the omputer p rogram, is developed in Volume I of this report. This
volume (Volume II) is a description of the computer program and the results
of eight sample cases. The computer program is designed primarily for use
in the analysis of the flcw in three-dimensional supersonic thrust nozzles;
however, the program is equally applicable to three-dimensional Cow within
any duct which is consistent with the basic assumptions of tne flow model.
Specifically, the surface of the duct is assumed to be smooth (continuous
first derivatives) and not to have extreme variatior of the mean flow
direction.

The computer program is supplied with a boundary subprogram which
includes axisymetric and super-elliptical duct shapes. For more arbitrary
geometries the user must supply a replacement subprogram which describes
his particular duct geometry.

The program is written entirely in Fortran IV. Twt) versions of the
prograr, are available: one for the 1814 7094 computer and one for the CDC
6500 computer. The overlay scheme and program listing presented in -his
manual are for the BM 7094. All the sa-le cases have been executed on
both machines, but the sample oLtput ;resented in this rn.ual is from the
IBM 7094. Run times for both machines are given. The input discussion
preserted in this manlal is valid -or both versions of the program. The
program can be easily modified to be compatible with other computing
machines, such as the Univac 1108.
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EMSK PROGRAM ORGANIZATION

1. GENERAL

The program consists of a main section and thirty-six subroutines
which ar-, used to perform the five primary tasks of: )data input,
2) Parameter initialization, 3) generation of the initial-vallue surface,I.4) plane by plane integration to construct the soluti4on, and 51' prii tout

___of selected results. The entlire pron-an is too large to be stored~ con-
tinuuslyin cmpuer memory; consequently, an overlay schew- is used

and the five primary tasks are Derformed in sequence. The overlayi arrange-
menit is presented in Figure 1. An option exists for storing the solutionU on tape for restart purposes. When thits option is specified (see the
input parameter NSTART in NAMELIST CNTPL), a file tape must *-- available.
This tape is TAPE 7 within the program.

A wide variety of options are available to the user. The possible
-- combinations of these options permit a wide variety of three-dimensional

thrust nozzle problems to be solved.

2. DATA INPUT

All required data and palrarieters are input by Feans of iamelist data.
Four narel ists, namd CNTRLL., WAL SBL . ARVSP-L- and IVTSL, are used for Adis
purpose. The CtNTRLL narmelist specifies paramete--s which control operation
of the prograsi, WALSBL specifies the nozzle wall parxmter., MUSS.. is
used for specification of the thermodynamic jidrameters and options, and
IVISL is used to input the init.ial-value surface data. The nairelists are
read from the rubroutine KEADIN. The input data are checked for consis-
tency and data are output. to identify tChe particular case being run. If'
the input data are found to be inconsistent or conflicting, an appropriate
error message is printed by subroutines E.RRqRS (subroutine ERFIRS consists

of a series of write statements --or error messages which are selected by
the argument, an integer, in the subroutine call statearent)

3. INITI 1LIZATION

Once the input data and parameters have beer; read in, initialization of
the subroutines takes place. This Process consists of calculattio various
constant values which are a function of the_ input parameters, and fitting*
of interpolation splines to tabular ddita where required. Thne three subrou'-
tine WAIS'JB, Ar0,SL!B, and INMALS mst be ini;tialized. Initi"alization of
VALSUB and AwSUS ;s accom~piished biy separate subroutines cal led WA'pLSB32

and AIVSB2. Trhe necessary parameters are tCransmi tted to The main subrou-I tines t-hrough named coisn blocks. The sLM-outCine IVALS is initialiized
by calling a separate entry point, called INVA-12, of the basic subroutine.
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MM 4. iNiTIAL-VALUE SURACE GENERATION

The initial-value surface point network i. generated by the subroutine
IV3JRF, and the values of the dependent variables at each point are established
by calling INVALS. The type of logicel point network produced will dependBupon the number of geometric planes of symmetry which are specified, and the
physical location of the points nf the network will depend upon the shape of

Sihe boundaries at the initial-value surface location.

Four options exist for the determination of the dependent variables on
the initial-value surface. The options are: 1) a uniform homentropic flcw,
2) a homentropic spherical source flow, 3) an axisymmetric nonhomentropic
and nonisoen-?rgetic flow specified by tabular input of the flow parameters
as a function of tie radius, and 4) generation of the dependent variables
by means of a user supplied subroutine called IVSUB (the program is supplied
with a sample subroutine which is a double-source model for a skewed-inlet
flow).

5. BOUNDARY SPECIFICATION

The solution space, and thus the initial-value surface, must be bounded
by time-like surfaces. These surfaces are assumed to be stream surfaces of
the flow and can consist of a smrooth solid surface or a combination of a
solid surface and one or two planes of symmetry. The global boundary may
consist of up to eight planes of symmetry; however, it is only necessary to
compute the flow in one sector. Thus, the case of a solid surface bounded
by two planes of symmetry is the most general case.

The boundary surface is described by means of the subroutine WALSUB.
The WALSUB subroutine that is supplied with the program has options for
axisymmetric and super-elliptical boundaries. Each quadrant of the super-
elliptical boundary can have different parameters so that a wide variety of
completely three-dimensional shapes is possible.

If it is desired to use a bcundary which cannot be described by the
existing subroutine, it is necessary to replace WALSUB with a user supplied
subroutine. The argument list for the subroutine calling linikage must be
identical to the existing subroutine (i.e., the coordinates of a point near
the boundary and the direction ratios of a line through the po~Int, which
are sufficient information to detjrmine a line). The subroutine WALSUB
determines the point of interection of the line with the nozzle boundary.
Generally two solutions exist, but the point transmitted to WALSUB is an
estimate for the location of the wall point and thus the nearest inter-
section is the desired solution. Usually it will be necessary to obtain
the solution by iterative methods.

The specification of the plane of symmetry boundaries is built into the
program. The first plane of symmetry of the one or two which bound the
solution space is taken to be a plane passing through the point having
coordinates (XIVS, YCIVS, ZCIVS) and is parallel to the X -X coordinate
plane. The second plane of symmetry, where two or more piangs of symmetry
exist, is located such that the line of intersection with the first plane
of symmet,-y passes through the point (XIVS, YCIVS, ZCIVS) and is parallel

-4
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to the X axis. In addition, the included angle between the first and
Osecond planes of symmetry is given by 0 = 7r/N, where N is the total number
0of geometric planes of symmetry which are common to both the nozzle and

the flow.

6. INTEGRATION PROCESS

EL Once the init4 al-value surface has been established, the solution is
generated on a series of planar surfaces which are parallel to the initial-
value surface. The second-order numerical integration scheme is used to
extend the solution along the network of streamlines which pass through
the points on the initial-value surface. The subroutine IPTSUB is used
for the interior point integration, and the subroutine BPTSUB is used for
the solid boundary point integration.

The distance between successive solution surfaces is regulated such
that the Courant-Friedrichs-Lewy stability criterion is sitisfied at il1
points. The logic and calculations for the integration step size regu-
lation are performed by the subroutine XRGLTR.

7. OUTPUT

The program output consists of printouts of input data and specified
options for identification purposes, printinq of the initial-valuJ sitrface
data, and subsequent printouts for each solbLLion surface. The amount of
data which is printed for the initial-data surface and each succeeding
solution surface can be varied by the two p6.,ameters PRINTl and PRINT2.

After computation of each new solution surface, the mass flow rate,
thrust components and moments are calculated by numerical integration over
the solution surface. In addition, flow parameters to be printed, such
as Mach number, are calculated and placed in the proper units and stored
for output purposes. These operations are performed by the subroutine
THRUST.

The printing of data for the initial-value surface is performed by the
subroutine PRNIVS, and the printing for the calculated solution surfices
is performed by the subroutine PRNOUT.

*5
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___SECTION 111

SUBROUTINE DESCRiPTIONS

Brief descriptions of each subroutine of the program are given here
to supplement the information available in the form of comments within

_the program.

I. MAIN LINK

a. MAIN. The necessary subroutines are called for reading in dita,
initializaTon of the subroutines, generation of the initial-value surface,
calculation of thrust components on the initial-value surface, printing
of the initial-value surface, and initiation of the integration process.

b. BLOCK DATA. All constants are assigned values, and default values
for many of the input parameters are established.

c. THRUST. The cross-sectional area, mass flow rate, thrust com-
ponents and moments are established by numerical integration over the
solution surface corresponding to the LL index. The initial-values and
the solution values are stored in the three-dimensional arrays contained
in named common SOLUTN. The first index of the arrays has dimension 2
ana the initial data and solution are identified by the variable sub-
scripts L and LL respectively. These subscripts have the range I to 2
and the particular values are mutually exclusive. The numerical inte-
gration is performed by dividing the cross-section into triangular elements,
and a two-dimensional equivalent of the trapezoidal rule integration scheme
is used. The area and centroid of each triangular element are ca'culated
and the average mass flux, momentum fluxes and pressure are assumed to act
uniformly over the element. Thus the force is considered as a pure force
acting at the centroid of the element. The compnnents of the force and
The components of the moment vector are assumed to act at the origin of
the coordinate system. The total thrust components are corrected by
multiplying by the ratio of the mass flow rate on the initial-value sur-
face to the calculated local mass flow rate. The calculated mass flow
rate is some indication of the error in the integration scheme due to the
presence of large gradients across the solution surface, and tht correction
procedure is based on the assumption that the specific impulse is calcu-
latej more accurately than the total force.

d. ERRVRS. This subroutine consists of a collection of diagnostic
messages Tor some of the anticipated modea of failure of the program. the
error messages can be either fatal or nonfatal depending upon the type of
probI-i. These messages are printed by calling subroutine ERRORS with an
integer argument which designates the particular error. For fatal errors
a program stop occurs within the subroutine, while for nonfatal errors a
normal return is executed.

e. AROSUB. The speed of sound, A, the density, RO, the square of
the velocity, QS, and the three partial derivatives of the speed of sound
and density are determined as functions of the independent variables

*6
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E
pressure P, stagnation pressure PT, and stagnation enthalpy H. The sub-
routine suppiied with the program contains options for either a thermaily
and calorically perfect gas, or a real gas " which the prooerties are
functions of the pressure only. The second option can be used only for a
homentropic flow, and it permits either chemically frozen or equilibrium
composition gases hiving real properties to be used. The subroutine has
two entry points, AR0SB1 and AISB2, in addition to the normal entry.
These entry points are used when the derivatives are not required. The

first entry point is used when A, RO and QS are desired and theITsecond when only A, RW, QS aKd T are required. The temperature, T, is
used only for purposes of printout, and the name DADP ini the argument
list is used for transmission of this value. The subroutine AROSB2 is
used to initialize the subroutine ARVSUB. Any constant functiors are
evaluated, and for the option having tabular data input, the data are put
in proper units and the coefficients for the cubic spline interpolation
are calculated. In order to extend the capability of the program to
include nonisoevergetic and nonhomentropic flows of a real gas having
either frozen or equilibrium chemical composition, it will be necessary
to expand or replace this subroutine. The replacement subroutine must
include tabular input of the thermodynamic properties as functions of stag-
nation pressure and stagnation enthalpy in addition to the static pressure.
The subroutine must also include provision for calculating the three prtial
derivatives of the speed of sound and the density. Generally threE-
dimensional interpolation methods are required unless some of the data can
be input as analytic functions.

f. WALSUB, DETERM, ITER, and NSgLV. The subroutine WALSUB and
associated subroutires, DETERM, ITER and NSOLV, are a system which is
used to describe the geometry of the solid boundaries. The WALSUB system
supplied with the program includes options for conical and contoured axisym-
metric nozzles, and super-elliptical, three-dimensional nozzle shapes. For
other nozzle shapes it is necessary to replace the WALSUB subroutine with
a user supplied subroutine which has the same name and argument list (some
change to subroutine READIN and named common WALSB is also required in
order to include new inpuit parameters and printout). The WALSUB subroutine
is utilized in the program for locating points on the boundary. The coor-
dinates of a point near the boundary and the direction cosines of 3 line
through the point are transmitted to the subrcutine through the argument
list. The subroutine subsequently locates the nearest intersection of the
line with the boundary. The coordinates of the intersection are then
returned through the argument list using the sie variable names as used
for the input point. The direction cosines of Jie outer normal to the sur-
.ace are also transmitted through the argument list using the same variable
names as the input direction cosines. The only restrictions on the bound-
ary are that it be continuous and have continuous first derivatives.

g. REFLCT. The logic for the rc=flection of points and properties
at points adjacent to planes of syninetry is contained in REFLCT for
ICLASS equal to 1, 2 or 3 (i.e., for 3 or more, 2 or I planes of synnetry,
respectively). The actual reflection of points and properties is accom-
plished by calling one of the entry points in subroutine REFKY (i.e., REFKY,
REFKZ or REFKS, for reflection about a Y-X, Z-X or on arbitrarily located
plane of symmetry, respectively). The argument (K) is the first index of
the poi it coordinates and properties stored in the arrays of named commn
S0LUTN.

U7
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_h. REFKY. The reflection of the coordinates and properties ot a
specified pInt with respec to a designated plane of symetry is per-
formed in REFKY. The particular olane of symietry is specified by call;-1
one of the three entry points REFKY, REFKZ or REFKS. The point to be
reflected is identified by its indicies which are passed to the subroutine
by means of the argument list. The general principle- of reflection
which are used in these subroutines are as follows: I) the image point
is located such that the plane of symmetry is the perpendicular bisector
of the line joining the point and the image point, 2) scalar properties
are unchanged by reflection, and 3) vector properties are reflected such
that the magnitude and the component parallel to the plane of symmetry
are unchanged while the component perpendicular to the plane of syn mtry
is reflected with opposite sense. The analytical development of the
reflection process is presented in Volume I.

2. LINK Al

a. SPLINE. This subroutine fits a cubic interpolation spline to
an array o tabular data, A cubic polynomial is fit between each conse-
cutive pair of points such that the slopes of the adjoining cubic poly-
nomials are matched at the data points. The slopes at the two end points
of the array of data must be speciffed. The parameters of the argument
list are: KNOT, number of data points in the table; XK(I), the value of
the independent variable at the Ith data point; VALUE(IJ) the value of
the dependent variable at the Ith data point- VAIUE(I,2). the slope at the
first and last data points (i.e., I = 1 and I KIT); and COEF(3,1), the
four coefficients of the cubic polynomial between the Ith and (T',i)th
points.

b. MACHP. Ths subroutine uses the AR#SBi subroutine to obtain the
pressure, P, and velocity magnitude, Q, which correspond to a specified
Mach number, M, stagnation pressure, PT, and stagnation enthaipy, H. A
Newton-Raphson iteration scheme is used to obtain convergence after an
initial estimate of the pressure is calctlated using ideal gas relations
with an assumed specific heat ratio equal to 1.2. The iteration is con-
tinued until two successive values of the pressure agree to within
0.0000001 , or a maximum of 50 iterations are completed. In the latter
case a Fatal error message is generated.

c. SOURCE, The pressure and velocity magnitude of a spherical
source flow are calculated by a Newton-Raphson iterative scheme using thE
ARRSB1 subroutine to determine the thermodynamic properties. The mass
flux at any point in a spherical source flow can be determined from geo-
metric and mass conservation principles if the mass flux is known at one
point distinct from the source point. Thus, the mass flux is used as the
independent variable for determining the individual properties such as
pressure, density and velocity magnitude. In the argument list iV is
the mass flux, HI the stagnation enthalpy, PTI the stagnation pressure,
PRESS the pressure, and Q thp velocity magnitude. The iterative process
continues7until two successive p essures agree to within less than
1.0 x 10- percent, or a maximum of 50 iterations is exceeded, In the
latter case a fatal er-or message is generateu. An initial approximation
of the pessure, PSOURC, is required and is stored in named common /ARCi/.
'fter the subroutine has been called once, this initial guess will be taker,
as the previously obtained answer.

a8a
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d. INVALS. The dpen nt variables U, v, w, p, P and H are calcu-
lated at a csignated point of the initial-value surface. The particular

tpoint is identified by the indicies transmitted in the argument list, (I,J).
FIour flow mo&els may be selected by specification of a value for IVSTYP
ranging from I to 4. The four options include: for IVSTYP = 1, a uniform
flow having a specified Mach nuner and flow direction; for IVSTYP = 2, a
spherical, homentropic source flow; for IVSTYP = 3. an axisyn mtric, non-
homentropic, and nonisoenergetic flow which is specified by tabular input
of Mach number, flow direction, stagnation pressure and stagnation enthalpy
as functions of the radius; and for IVSTYP = 4, a user supplied subroutine
which can be used to provide any desired flow model. The indicies in the
argument list permit the subroutine to locate the Y and Z coordinates of
the point at which the dependent variables (the velocity components, the
pressure, the stagnation pressure and the stagnation enthalpy) are to be
calculated. The subroutine subsequently evaluates the dependent variables
as functions of the spatial coordinates X, Y and Z. The subroutine must
be initialized by calling the second entry point INVAL2 which does not
have an argument list.

e. !VSUB. This subroutine is normally supplied by the user, thus
allowing any flow model desired to be programed for generation of the
initial-value surface data. A sample subprogram is supplied with the p-o-
gram to serve as an example. It consists of the super-position of two
spherical sources as an approximation to a skewed flow. The subroutine
is initialized by calling the second entry point, IVSB2 (this is done by
INVALS).

3. LINK A2

a. BRAIN. The marching type integration between parallel planar sur-
faces is regulated by this subroutine. The integration fq loop ranges are
calculated as functions of the number of planes of symmetry, and if a
start from tape has been specified, the initial-value surface data are
read from tape, the thrust data are calculated, and the initial-value sur-
face datn are printed. The subroutine subsequently calculates the net
points over the boundaries and the interior of the flow and prints out
the solution for each successive solution surface. A check is made on the
Xl coordinate of each new surface to see if the specified integration dis-
tance, XMAX, has been exceeded, and if so, the Xl coordinate of the last
solution surface is adjusted to coincide with XMAX.

b. INTERP. The second-order bivariate interpolating polynomials are
fit by the me-th-od of least squares to a group of nine neighboring points
in this subroutine. The nine points are selected by manipulation of the
indicies of the storage arrays for the six dependent variables, the veloc-
ity components u, v, w, tne pressure, p, the stagnation pressure, P, and
the stagnation enthalpy, H. The indicies of the points are determined
relative to the indicies of the base point in the initial-value surface
using stencils of index increments stored in the data arrays IK and JK.
Nine different stencils are available and the particular one to be used
at a given point is determined from the leading digit of the integer label
KASS, which is assigned initially by the subroutine LABEL. A system of
six simultaneous, linear, algebraic, least squares equations are solvedfor the polynomial coefficients using the subroutine SLAES.
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c. SLAES. This subroutine is an adaption of the 18" library sub-
routine r-" "fnr th elur ustion of dyse, t of symerric linear algebraic
equations. The subroutine is -ed oly by subroutine INTERP to s:zIve
the sixth-order least squares system of equations, and thus has fixed
dimensions for the coefficient arrays A and R. The 21 coefficients of
the upper half of the synmetric coefficient matrix are stored columnwise
in the array A, and the polynomial coefficients of the polynomials are
stored columnwise in the array R (naed B in all other subroutines and
contained in labeled common INTRP).

d. XRTR. The main entry of this subroutine is called after each
point calcuation for the purpose of calculating the permitted step size
and searching for the most restrictive point on the solution surface. TheIentry point XRG-TI is called after the entire solution surface has been
generated for the purpose of predicting the step size to be used for the
next solution surface. The prediction of the new step size is based on
the permitted step size for the present and previous solution surfaces at
the most restriction point of the present surface. A safety factory, SAFTY,
is used as a multiplier for the predicted step size and reflects past exper-
ience with respect to whether previous predicted step sizes were too opti-
mistic or too conservative.

4. LINK BI

READIN. All input data and parameters are read from cards by this
subroutine. It is the first subroutine called by the main program. Vari-
able printed outputs are generated which depend upon the type of problem
which is specified by the input data. With the exception of the title,
which is input on the first data card, all data input is by means of the
four namelists, CNTRLL, WALSBL, ARRSBL, and IVSL. Some of the input para-
meters are checked for consistency and if any conflicts are found, appro-
priate error massages are generated. The nozzle contour data are checked
to see if any of the coordinate plane intercepts are conical (i.e., straight
lines). The intercept is assumed to be conical if the slopes at the tan-
gent point and at the exit are equal. The nozzle exit radius is then cal-
culated to correspond to the wall slope and the nozzle length, thus elim-
inating the possibility of ccnflicting input data.

5. LINK B2

a. WALSB2, CPMATE, TESS, EXPO and CRVUT. These subroutinpe are used
for initialization of the WALSUB group of subroutines which are used to
define the nozzle boundary. The subroutine WALSB2 contains the logic for
generating the possible wall contour variations and calls the other sub-
routines as appropriate. CPMATE is used for calculation of the coeffi-
cients for the equations, circles and general parabalas, which are used
to define the nozzle-coordinate plane intercept contours. TESS is used to
test to see if the intercept parameters are all equal in each quadrant.
EXP9 is used to calculate the coefficients for the quadratic equations
which are used to specify the variation of the super-elliptical exponents
as a function of nozzle length. CRJUT is a library subroutine for the
solution of systems of linear, simultaneous algebraic equations and is
called only from subroutine CPMATE.

10
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b. A SBZ. This subroutine is used for initialization of the AP0SUB
subroutine.Tf a thermally and calorically perfect gas is specified, thenU only five functions of the specific heat ratio, GAMUMA, are calculated. H
the gas properties are specified by means of tabular input, then the data
are put in the proper units and checked for monotonic variation of the
independent variable, Mach nmrVder, M. Subroutine SPLINE is used to fit
cubic splines to the data points.

6. LINK B3

IVSURF. The network of points on the initial-value surface are gen-
erateT7-ai' the coordinates are stored *n the Y and Z arrays. These points
define the streamlines which are subsequently extended to each new solution
surface. The network is varied depending upon the nuner of planes of sym-
metry and the characteristic dimension of the surface arrays, NP. The
outermost points of the system of points are located on the flow boundary
by the use of WALSUB. After the coordinates of each point have been cal-
culated, the subroutine INVALS is called for the purpose of calculating
the values of the dependent variables on the initial-value surface, If
planes of synmetry exist, the reflection of all properties is effected by
calling REFLCT and by reflecting directly the properties PT and H. The
reflection of PT and H is done separately froi the reflection of the pro-
perties velocity and pressure, because this operation is required only
once on the initial-value surface, whereas the other properties must be
reflected at each new sr"*ion surface.

7. LINK B4

a. PRNIVS. This subroutine produces a printout of the initial-value
surface data and the thrust parameters. Three options are available:
1) print thrust data, boundary point data, and interior point data; 2) print
thrust parameters and boundary point data only; and 3) print thrust para-
meters only.

b. INTXRG. Initial data fur the Xl step size regulation are generated.
The subroutine sweeps over the array of points ano generates the relative
step size parameter, DXDL, and the distance to the nearest point, RM, at
each point on the initial-value surface. At the same time a search is made
for the most restrictive point. After completion of the sweep, the per-
mitted integration step size is calculated at the inost restrictive point.

c. LABAL. Labels are generated for each point in the initial-value
surface arrays which are used to determine the type of stencil (see Volume I,
Appendix G) to be used for selection of neighboring points for interpolatizn.
The label consists of a two digit integer which is stored in the array KLASS.
The first digit is used to denote the one-eighth sector of the array (nuzter-
ing is counterclock wise from the Y axis) in which the point is located, and
the second digit designates one of nine stencils for use in interpolation.
The stencil variation is required to account for different boundary points
arrangements, and to obtain the nearest neighbors of each point in the array.
The label is used by subroutine INTERP to select one of the nine stencils
stored as data and, through index manipulation, to gencrate the indicial
coordinates for the system of points to be used for interpolation. In gen-
eration of the indicial coordinates, the particular one-eighth sector of the
grid, desi iated by the first digit of the label, is considered.

11



8. LINK Cl

a. BOUNDR. This subroutine contains the logic for integration over
the bounda-ry Wints of the flow. It is a subdivision of the overall logic
subroutine BRAIN which was written separately in order to permit overlayingthe subroutines for boundary point and interior point calculation.

! __b. BPTSUB, In this subroutine, the location and properties of a new

boundary point of the flow are calculated by the second-order method of~characteristics technique developed in Vol. 1. The argument list consists

of the coordinates and the stagnation pressure and stapation enthalpy of a~the streamline along which the solution is to be extended, and the COordinatzs,
~dependent variables, and relative step size parameter at the new solution

! surface. The interpolating polynomials are generated by subroutine MNEW.,
These equations are used to generate values for the dependent variables at

the points in th( initial-value surface which are used in the inagration
process, including the streamline intersection at which the values are
known (the interpolated values are used at the streamline intersection for
stability reasons). The position of the solution point is approximated
and WALSUB is called to establish the point on the boundary and to calculate
the components of the unit outer normal to the boundary. The reference
vector system, u./q, a., and Si , is established at the new point such that
B coincides witA the auter normal. Next the network of three bicharacteristics
ald the streamline is constructed, and the dependent variables are determined
at the intersections of the bicharacteristics and the streamline with the
initial-value surface using the interpolating polynomials. The reference
vector set u./q, aip and Si are next established at each of the network
intersectlon' with the initial-value surface. Finally the new values for
the dependent variables at the solution point are obtained by simultaneous
solution of the compatibility equations using the subroutine BCOMPT. A
convergence test is made to see if the values of pressure on two successive
iterations agree fractionally to within 0.0001. When convergence is obtained,
t'ie step size regulating parameter DXDL is evaluated.

c. BCVMPT. This subroutine is a subdivision of BPTSUB and perforn
the solutT o-Tn-of the compatibility equations for the new values of the
dependent variables at a boundary point. All parameters and the solution
are transmitted to BPTSUB through the labeled coninon block /PTSUB/. Cramer's
rule is used for solution of a system of four equations for the four
unknown velocity components ui and the pressure p.

9. LINK C4

a. INTER. This subroutine contains the logic for integration over the
interior point of the flow and is also a subdivision of BRAIN to permit
overlaying the interior and boundary point integration subroutines.

b. IPTSUB. This is the basic -itegration subroutine for interior
points and is essentially the same as BPTSUB. The differences are that
four bicharacteristics are used instead of three and the reference vector
set u./q, i' and S. are oriented with respect to the pressure gradient
rathe' than the bouAdary outer normal as in BPTSUB. In this case the ;2ctors
ai and 8 are chosen such that they straddle the plane formed by the two

12
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vectors u. and Vp. A separate subroutine, CVP'AT, is used for solution ofI the compaibility equations, which in this case includes the fourth bichar-
* acteristic compatiblity equation rather than the boundary tangency condition.

All other operations are the sarre as in BPTSUB.

c.- CMPAT, This subroutine is a subdivision of IPTSUB which includes
the solution of the conpatibility equations for the values of the dependent
variables at the solution point. The subroutine is essentially the sane
as BCOWT except that the fourth bicharacteristic comatibility equation is
used instead of the boundary tangency condition.

10. LINK C3

PR'$UT. This subroutine is used for printing the properties at each
new solu-tron surface and is essentially the sare as PZIiVS. The differences
are only in the headings which are printed. A separate subroutine was
utilized because of convenience in generating the overlay structure.

I
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SECTION iV

!NPUT PARAMETERS

I. INTRODUCTION

The various options which are availablP in the program are specified
by certain input par-meters and data which are entered through the four
NAMLISTS CNTRLL, WALSBL, A!qSBL, and IVSL. Only those parawters and
data which are pertinent for a particular option need to be input. Many
parameters have default values which are set by the block data subprogram
and may not need to be specified for this reason. The parameters of each
namelist are described in the following discussion, aMd where appropriate,
both default and typical values are given.

2. TIRE CARD

The first card of each. data deck is a title card consisting of 72
alphanumeric characters of identify;ng information. Tiis card may be
blank, or contain any combination of allowable FORTRAN characters. ThisI card must always be the first card of the data deck, even if no information
is specified on the card. The format of the card is (12AE.

3. NAMELIST CNTRLL

IVSTYP Ar. integer parameter used to select oiee of four initial-value

surface options as follows:

valu e initial-value surface option

I uniform, parallel flow

2 homentropic, spherical source flow

3 axi symintri c, noni soenergeti c and nonhomentropi c
flow specified by tabular data

4 user supplied subroutine called IVSUB

The parameter iVSTYP must be specified; there is no default value. The
data needed to establish the initial-value surface are input through
NAMELIST !VSL. For the subroutine IVSUB supplied with the program, the
properties or the initial-vaiiu surface are calculated by superimposing
two homentropic, spherical source flows, pioducing an approximation for
a skewed inlet flow.

NP An integer specifying the number of mesFI points along the posi-
tive y-axis (i.e., the X coordinate direction in the initial-

value surfacl. The total nurber of points on the initial-value surface
(and for each solution surface) depends on the value of NP and the numer
of planes of symuetry (NP0S U. NA.LiST IV1'5h). The maximum value wilich

-ER
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NP can have is deteniiinea by the rurber of p iar..s of synetry and the
dimensions of the arrays in NAMED C iM4, SOLUN and XRGLL For array
dimensions (2, N, N), the following relations apply:

NPO NP
planes of NP (maxi mum) to4u points on
syue __ (maxirrm) (fo=29 each solution Dane

Z 0 ('1 + 1)12 15 (2NP -
2

1 (N 4- )/2 1 NP(2NP -1)

2 N - 2 27 (NP)2

3 or more N - 2 27 NP(NP + I)/2

The parameter NP must be specified; no default value is given. Experiene
RE to date has shown that NP should be at least 11 for most nozzle problems.

In esneral, the value required to obtain accurate resui Z. will depend upon
the gradients present in the flow, i. e., the larger the gradients, che
greater the required nimber of points. It must also be considered that
the number of point.; etermines the computer time to solve a given problem.

The time is proportional to the cube of NP. The CDC 6500 version of the
program h-s built-in array dimensions of (2, 29, 29), and the IBM 7094
version has built-in array dimensions of (2. 19, 19). These values :an
be easily changed depending on the amount of storage available for exparsion.

XMAX A parameter which specifies the value in inches along the X,

direction at which the integration is to be termina"ed. T;l., AX
coordinate of the last integration plane will be automatically adjusted to
coincid2 with this value. Normally this value will specify the end of the

nozzle or passage being analyzed. The specified value for XMAX should be
greater than the value of XIVS. A default value of 0.0 is specified. but
this value will cause an error message to be generated and the job to be
terminated.

PRINT] An integer paramieter which controls the type of printed output as
follows:

value printed output

0 thrust parameters at each solution plane and flow
pro-erties at boundary points and interior points

thrust parametei- at each solution plane and flow
properties at bozdar points

thrust parameters at each solution plane

A default value of C is specified.

15



_ PRINT2 An integer paraiTieter which controls the quantity of printed out-
put as follows:

value printed output

1 at every point

2 at every other boundary and interio, point

3 at every third boundary and interior point

N at every Nth boundary and interior point

Note thet the quantity of printout may be suppressed by the value of PRINTI.
A default value of 1 is specified.

NSTART An integer parameter used when the capability to restart from tape
is desired. NSTART controls the storage and retrieval of the
solution values from the file tape (TAPE 7) as follows:

Value control

negative suppresses all tape operations

0 solution values written on tape

positive solution values are retrieved from the file tape
at solution surface NSTART and the integration
will begin at surface NSTART + 1. New solution
surfaces are written on te file tape.

When the restart capability is to be used, it is assumed that the file
tape is mounted and the interlock set to permit writing on tape. The
default value is -1. For some systems it may be necessary to change the
tape number of the file tape.

ERROR A parameter used to spe cify the fractional convergence tolerance
to bc used in the intelration subroutines. A default value of

0.0001 is specified. Experience has shown that smaller values generally
do not improve the absolute accuracy of the solution fer practical step
sizes.

4. NAMEI.IST WALSL

The data which are input throu'gh this namelist are designed specifi-
cally for the type of boundaries which are incurporated in the subroutine
WALSUBsupplied with the program. If another WALSUB subroutine is used,
this namelist and the associated print routines in the subroutine READIN
wil! need to be revised.

- 16
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NSYMMY An integer parameter used to specify the symmetry of the flow
boundaries as follows:

value boundary specifications

1 axisymmetric contour

_ 2 super-elliptical contour with tvo planes of symmetry

3 completely nonsymmetri c, super-elliptical contour

The default value is 1.

YAXIS A parameter specifying the X coordinate of the axis of the nozzle
contour. If planes of symmetry exist and are to be used to reduce

the anmunt of computation, they must intersect at this axis. The default
value is 0.0.

ZAXIS A parameter specifying the X coordinate of the axis of the nozzle
contour. If planes of symmeiry exist and are to be used to reduce

the amount of computation, they must intersect at this axis. The default
value is 0.0.

The next twenty-one parameters are one-dimensional arrays of up to
four values each which are used in the description of the super-elliptic
boundary described by the equation

where Y,, Zn, EXPY and EXPZ are functions of the axial coordinate X For
an axis~mmetric contour (NSYMMY = 1) the variables EXPY = EXPZ = 2 Ind
Y = Zn in each quadrant, where Y may be a function of X For a super-
elliptYcal contour with two plareP of symmetry (NSYMMY = l), the variables
EXPY, EXPZ, Y and Zn may each be functions of X but 'he functions are
identical in goth qu'drants. For a completely ninsymmetric, super-elliptical
boandary the variables EXPY and EXPZ may be different functions of X in each
quadrant, and the intercepts Y and Z may be different functions of X in
each coordinate plane Althou h defalt values are specified for all the
parameters, these values do not specify a meaningful contour.

The first seven parameters discussed below specify the intersection
of the contour with the (X X ), (X1 ,X (XI, -X ), and (X -X ) coordinate
planes, respectively (i.e., the values for Yn an; Z as fuctiins of the X
coordinate). For an axisymmetric boundary, nly thg first value in each
array needs to be input. For super-elliptical boundaries having two planes
of symmetry (regardless of whether or not the flow has planes of symmetry),
only the first two parameters of each array need to be input. For super-
elliptical nozzles having one or zero planes of symmetry, all four para-
meters in each array must be input. The contour intersections with the
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RB
coordinate plane (X,,X ) (X, X-) (X,.-X.) or (X .-X.) consist of a
circular arc joinedtagentiA!lj to a'parbola. 'iou9'A 2 illustrates the
contour intersection with the (XA,X2) coordinate plane.

XT A one-dimensional array of up to four values for the axial
locations in inches, of the centers of the circular arc portions

of the contour intersections with the four coordinate reference planes
(see Figure 2). The default values are 0.0.

RT A one-dimensional array for the distance, in inches, from theX
axis to the minimum point on the circular arc sections of the

contour intersections (i.e., the local throats, see Figure 2). The
default values are 1.0.

RC A one-dimensional array for the radii of curvature, in inches,
of the circular arc sections of the contour intersections (see

- Figure 2). The default values are 1.0.

THETAT A one-dimensional array for the slopes, in degrees, of the contour
intersections at the point of tangency between the circular arcs

and ; rabolas (see Figure 2). The default values are 0.0.

XE A one-dimensional array for X coordinates, in inches, of the
exit points of the contour intersections (see Figure 2). The

default values are 0.0.

RE A one-dimensionl array for the -adii, in inches, from the X axis

to the exit points of the contour intersections (see Figure b.
For an axisymmetric, conical nozzle (i.e., THETAT = THETAE), RE does not
have to be specified. The deault values are 0.0.

THETAE A one-dimensional array for the slopes, in degrees, at the exit
point of the contour intersections (see Figure 2). The default

values are 0.0.

The remaining 14 parameters are one-dimensional arrays of up to Four
values each giving the variation of the two super-elliptical eyxonents
(EXPY and EXPZ in Equation 1) with the X, coordinate. Each quadrant of
the super-elliptical contour may have separate functions corresponding to
each of the four values of the arrays. Each set of 14 parareters is per-
tinent to one quadrant of the flow space. The first set corresponds to
the space bounded by the (X,,' ) and (X1 ,X ) coordinate planes, the second
set corresponds to the spac bgunded by'Lh (X1 ,X ) and (X ,-X.) coordi nate
planes, the third set corresponds to thn space bodnded by the iX. 7X, ) and
(X1 ,-X ) coordinate planes. and the fourth set corresponds to th sprce
boundeA by the (X ,-X ) and (X X ) coordinate planes. For axisynivntric
contours (i .e., NYMM = i ), ;e xponents are not used and need not be

*WD specified. For super-elliptical contours having two planes of syinetry
only the first value in each of the 14 arrays needs to be specified. For
general super-elliptical contours (NSYMY = 2), all four values of each
array must be specified. The variation in the exponents is described
by two independent quadratic functions which are completely determined by
specifying the exponents at three distinct points, and the derivative of
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the exponent with respect to X at the center point. The first quadratic
function describes the exponent between the first two points, and the

_second quadratic function describes the exponent between the second and
third points. The default values are suLch that the exponents will be every-

RM where equal to 2.0.

XYI One-dimensional arrays for the X coordinates, in inches,
XY2 of the three points used to specify the X variation of the
XY3 exponent EXPY in Equation 1.

EXPYI One-dimensional arrays for the values of the super-elliptical
EXPY2 exponent EXPY in Equation I at the X, positions specified
EXPY3 by XYl, XY2 and XY3, respectively.

DEDX'12 A one-dimensional array for the values of the X derivative
of the super-elliptical exponent EXPY in Equati~n 1 evaluated
at X1 = XY2.

XZl One-dimensional arrays for the X coordinates, in inches,
XZ2 of the three points used to specify the X1 variation of the
XZ3 exponent EXPZ in Equation I.

EXPZI One-dimensiotal arrays for the values of the super-elliptical
EXPZ2 exponent EXPZ in Equation I at the X, positions specified by
EXPZ3 XZI, XZ2 and XZ3, respectively.

DEDXZ2 A one-dimensional array for the values of the X derivative of
the super-elliptical exponent EXPZ in Equation i evaluated at
X1 = XZ2.

5. NAMELIST AROSBL

The data which are input through this nanx.list are the ambient static
pressure and the thermal and caloric equations of state for the fluid being
considered. Two models for the equations of state are available. The first
is a thermally and calorically perfect gas, and is chosen by specifying a
value for GAMMA greater than 1.0. With this model, variations in stagnation
pressure and enthalpy can be accounted for in the flow field. The second
is a gas with frozen or equilibrium chemical composition in which the
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pressure, temperature, density and speed of sound are one-dimensicmal functijns
of Mach number specified by tabular data. This )ptiot; is implemented when
GAMMA is not specified, or when the specified value of GAMMA is one or less.
With this option the flow must be homentropic and isoenergetic (i.e., stagna-I tion pressure and enthalpy both uniform throughout the flow).

PAMB The ambient static pressure in psia. The default value is 0.0.

GAMMA The specific heat ratio for a thermally and calorically perfect
gas. The default value is 0.0.

RGAS The gas constaBt for the thermally perfect gas in units of
(ft-lbf)/(lbm- R). The default value is 1.0.

If the therma"l-/ and calorically perfect gas model is used, no further
values need be spec, Fied in NAMELIST AROSBL. The next five parameters are
one-dimensional arrays of up to 30 values each for the tabular thermodynamic
data. The Mach number, MTAB, is the independent variable for the tabular
data, and its values must increase monotonically and cover the renge of
Mach numbers which will be encountered in the integration process. Normally
this range should extend from a Mach number slightly less than .) to a
sufficiently high Mach number for the particular problem. Tabular values
of the dependent variable arrays must correspond to the appropriate value
of Mach number in MTAB.

MTAB A one-dimensional array of up to 30 values for the Mach number,
which is the independent variable for the tabular data. No

default values are specified.

PTAB A one-dimensional array of the values of absolute static pressure,
in psia, which correspond to the values of MTAB. No default

values are specified.

ATAB A one-dimensional array of the values of the speed of sound, in
ft/sec, which correspond to the values of MTAB. No default

values are specified.
-~ 3

ROTAB A one-dimensional array of the values of density, in Ibm/ft
which correspond to the values of MTAB. No default values

are speci fied.

TTAB one-dimensional array of the values of static temperature, in
R, which correspond to the values of MTAB. Since the static

temperature is not used in the computations, these values are only used
to determine the temperature to be printed out. They can be omitted if
desired. The default values are 0.0.

21
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She variables PTAB, ATAB, ROTAB and TTAB are dimensioned in the program
a (30,2). The actual parameter values are stored in the two-dimensional
array with the second subscript equal to 1. The locations specified by
the second subscript equal to 2 are used in curve fitting of these parameters.

6. NAMELIST IVSL

The data which ere input through this namelist are used to est'blish
the initial-value surface. The type of initial-value surface is selected
by the choice of the parameter for IVSTYP in NAMELIST CNTRL.

NPOS An integer parameter specifying the nuner of common planes of
symmetry for both the initial data and the boundary contour.

Values of 0, 1, 2, 3, 4, 5, 6, 7, or 8 may be specified. A default value of
0 is specified.

XIVS The X coordinate of the planar initial-value surface in inches.
When I source flow initial-value surface is specified (i.e.,

IVSTYP = 2), the source flow spherical surface i. positioned symmetrically
abount the X -axis so that the spherical surface intersects the nozzle wall
where the wall slope and source flow angle are equal. The X coordinate of
the intersection of the source flow surface with the X -axis Is then set
equal to XIVS, so no input value is required. The proerties on a plane
perpendicular to the X-axis located at X = XIVS are then calculated -ising
the properties of the source flow. When IVSTYP = 1, 2 or 3, XIVS must be
input to locate the initial-value surface. The default value is 0.0.

YCTVS The and X coordinates of the central point of the initial-YChe X2
value surfac2 in inches. Normally these should be the coordinates

ZCIVS of the area centroid of the initial-value surface. For axisym-
metric nozzles and super-elliptical nozzles having two planes of synmetry
(i.e., NSYMMY = 1 or 2), tnese coordinates should coincide with YAXIS and
ZAXIS, respectively. The default values are 0.0.

The following three parameters must be specified for initial-value
surfaces specified by IVSTYP = I (uniform flow), IVSTYP = 2 (source flow)
and IVSTYP = 4 (double source flow s' routine IVSUB which is supplied
with the program).

MCIVS The Mach number at the central point (YCIVS, ZCIVS) of the initial-
value surface. This value must be greater than unity. No

default value is specified.

PTCIVS The stagnation pressure in psia at the central point of the
initial-value surface. No default value is specified.

HCiVS The stagnation enthalpy in Btu/Ibi at the central point of the
initial -value surface. No default value is specified.

The following four pdrameters are applicable to the types of initisi-
value surfaces as indicated.I

322

FU



LV

THECIV (For IVSTYP 1) The pitch angle, in degrees, of the velocityvector for a ,miform flow. The pitch angle is the angle between
the projection of the velocity vector on the (Xl ,X2' coordinate plane and
the X v axis. T ale default value is 0.0.

PHICIV (For IVTYP = 1) The yaw angle, in degrees, of the velocity vector
for a uniform flow. The yaw angle is the angle between the

velocity vector and its projection on '.Fd (XI,X2) coordinate plane. The
default value is 0.0.

B ALPSRC (For IVSTYP = 2 or 4) The spherical source half-angle, in degrees,
of the initial-value surface source flow. No default value is

specified.

BETSRC (For !VSTYP = 4) A parameter specifying the secind source offset
angle, in degrees, in the double source model. No default value

is specified.

The following six parameters are one-dimensional arrays of up to 30
values which are used to specify tabular initial-value surface properties
for IVSTYP = 3 (i.e., for an axisymmetric, nonisoenergetic and nonhomentropic

initial-value surface). These parameters do not need to be specified for
!¥STYP = 1, 2 or 4. The initial-value surface is a plane parallel to the
(,X2,X.3) coordinate plane and intersecting theX XI axis at XIVS. The data

points must extend from the center of the initial-value surface (first point)
to the outer contour (last point) but need not be equally spaced. The initial-
value surface used by the program for computing the flow is constructed by

fitting a third degree spline to the tabular data and interpolating for the
variables at the desired points. Since the flow is axisymmetric, it is
assumed that'- values are specified along the X2 coordinate direction, and

these values are rotated around the Xl axis to cover the entire initial-
value surface.

RIVS A one-dimensional array of up to 30 values for the radial coordinate

values (X2 values) at which the flow variables are to be specified
on the initial-value surface. The first value must be 0.0 and the last
value must coincide with the radius of the contour at X1 = XIVS to within

+ 0.0001 inches. The dimensiors are inches. No default values are specified.

MIVS A one-dimensional array of the Mach nuners corresponding to the
table of radial coordinates RIVS. No default values are specified.

PTIVS A cne-dimansional array of stagnation pres-ues, in p ia, corre-
sponding to the table of radial coordinates RIVS. No '=fault

values are speci fied.

HIVS A one-dimensional array of stagnation enthalpies, in Btu!Ibm,
corresponding to the table of radial coordinates RIVS. No default

values are specified.
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OR TUE, w4 A .uii-dimensional array ,;f the pitch angles, in degrees: corre-
sprnding to the table of radial coordinates RIVS. The pitch

angle is defined as the angle between the projection of the velocity vector
on the (X1 ,X2 ) coordinate plane and the X- axis (assuming the tabular data
are specified along the X2 coordinate direction). No default values areI speci fied.

PSIIV A one-dimensional array of the swirl angles, in degrees, corre-
sponding to the table of radial coordinates RIVS. The swirl

angle is defined as the angle between the projection of the velocity vector
on the (X2,X 3 ) coordinate plane and the X2 axis (assuming the tabular data
are specifies along the X2 coordinate direction). No default values are
specified.

The variables PTIVS and HIVS are dimensioned in the program as (30,2). The
actual parameter values are stored in tbI two-dimensional array ,ith tip-
second subscript equal to 1. The locations specified by the s,cond sub-
script equal to 2 are used in curve fitting of these parametevr.

I

1

E=

I2



SECTION V

SAMLE CASES

In this Section, eight sample cases are preseoted to illustrate the

application of the computer program t" several exhaust nozzle problem.
? Ali of the options of the pyogram are illustrated by at least one of the
sample cases. However, due to the large nuner of possible criinationsof initial-value surface types, flow chumisty possibilities, ad nozzle

geotmtries, all of ttee possible coninations are not considered. in each
sample case, the problem to be analyzed i,, discussed, the necessary input

data are developed, a figure showing the input cards is presented, and
selected portions of the cmputer output are illustrated. The first fourK sample cases consider axisynimtric, contoured nozzles with various initial-
value line options and gas chemistries, the next two cases illustrate the
super-elliptical contour optior, and the last two cases demonstrate the use
of tapes for storing the solution and resta-ting from tape. The input data
discussions follow the order in which the input parameters are presented in
Section IV. In each of the eight cases, the TITLE CARD, which is always
the first card in a data derk, identifies the sample case number in all
eight of the sample cases, bie nt mter of points (i.e - in NAMELIST (VTRLL)
is set at 7. In general, it Is recnnim'neded that NP be of the order of il
to obtain satisfactory accuracy. However, computing time is propo,-ional
to the cube of NP, so the lower value was employed strictly to reduce the
running time of the sample cases. The objectiyve of p-,esenting the sample
cases is to illustrate the preparation of data decks, and not to demonstrate
accu-acv. The running time on both the CDC 6500 and IBM 7094 computers for
all sample cases is included in each sample case discussion.

1. SAMPLE CASE I

The first four sample cases all consider the same axisyn-etric, con-
toured nozzle with various combinations of initial-value surface typas and
gas chemistries. For sample case 1, a homerntropic, spherical, source fiow
initial-value line is selected with 7 points along the positive y-axis. Thus,
IVSTYP = 2 and NP = 7. The nozzle flow field is desired out to a length of
10 inches, so XMAX = 10.0. All ce.lculated points are to be printed, so
PRINTI and PRINT2 are left at their default values of 0 and i respectively.
No tape operations are desired, so NSTART is left at its default value of -1.
The default value of 0.0001 for the fractional convergence tolerance, ERROR,
is chosen, so no value is input. This completes the specification of
NAMELIST CNTRLL.

Since the nozzle is axisynmtric, NSYMfY retains its default value of1. The nozzle axis is aligr~ed with the flow field axis by allowing. YAXYiS

and ZAXIS to remain at the default values of 0.0. Since the nozzle is axisym-
metric, only the first value of each array specifying the contour needs to
be specified. The throat is located at Xi = 0.0, the throat radius is 1.0
inch, and the throat radius of curvature is 1.0 inch. Thus, XT, YT and RC
are left at their default values. ;ne inflection oint between the cijrcular
arc throat region and the Parabolic contour occur at an angle of 36.0k, so

EU
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THETAT = 36.0. The nozzle exit is specified by XE =10.0, = 4.0 and
THETAE = 13.0. A general parabola is fit between the inflection point and
the nozzle exit. The remaining parameters in the wall specification are
employed only for super-elliptical contours, so they need not be considered
here. This completes the specification of NAMELIST WALSBL. These same
specifications will be used in sample cases 2, 3 and 4.

For all of the sample cases, the ambient pressure wil. be set at zero.
Thus, the default value will be employed. Sample cases 1, 3, 4, 5 and 6
will all corsider a thermally and calorically perfect gas with y = 1.4
and R = 53.3 (ft-lbf)/(lbm-°R). Thus, CAMMA = 1.4 and RFGAS = 53.3. No
other values are required for this option. This c;.,.letes the specifieation
of NAMELIST AROSBL.

The last set of parametersspecifieqtheinitial-value surface properties.
Sample cases 1, 2 and 3 all employ a source flow initial-value surface
(i.e., IVSTYP = 2 in NAMELIST CNT'RL). Sample cases 1 and 2 are identical,
both having 4 planes of symmetry; thus NPVS = 4. This value of NP0S results
in a 450 sector of the flow field being evaluated. The remaining 3150 sector
can be obtaining by reflection. For a source flow initial-value surface,
XIVS does not need to be specified. YCIVS and ZCIVS are left at their
default values of 0.0 to agree with YAXIS and ZAXIS as specified in NAMELIST
WALSL. The Mach number is l .iO, the umiform stagnation pressure is
1000.0 psia, and the uniform stagnation enthaipy is 1255.0. Thus, MCIVS =
1.10, PTCIVS = 1000.0, and HCIVS = 1255.0. The only remaining parameter
required to specify the source flow is the source angle, which is chosen as
10.00. Thus, ALPSRC = 10.0. None of the remaining parameters are required
fcr this option. This completes specification of NN- LIST iVSL.

Figure 3 presents a listing of the data deck for sample case 1. Note
that only the parameters required by the various options are specified, and
parameters whose default values are correct are not specified. Should it
be desirable to specify all parameters actually employed even if the value
chosen is the default value, this can be done. The omission of parameters
with satisfactory default values was made purely to save time in the pre-
paration of the data deck.

Figure. 4 is a complete listing of the output from sample case 1. The
first t,'o pages describe the problem being considered, the third page contains
the initial-value surface data, and the remaining pages contain the data at
succeeding solution planes. The first 'wo pages are self-explanatxry. The
format of the remaining pages is nearly identical, te only differerces
being in the mass flow, thrust and moment data. On thd initial-value sur-
face, the actual calculated mass flow rate, *h-st, and moment values are
listed. The thrust is specified in rectangular components, and sivs arechosen so that the values shown are the forces exerted on the fluid-by the
nozzle walls and planes of symmietry. To obtain forces acting on the walls
and planes of syn.netry, the sions must be reversed. .he moents are evaluated
with respect to the point (0.0, YAXIS, ZAXI). The I and J integers are
coordinates of the characteristic network, and are described in Volume i.
Y and Z are the rectanguilar coordinates of the streamline intersections with
the solution p!ane located at the X value specified at the top of the page.
19 is the Mach nLinber and 0 is the velocity magnitude. P, NH andT are the

2f
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pressure, density and temperature, respectively, of the fluid. U, V and W
are the rectar ;ular components of tne velocity in the X, Y and Z directions

'espectiveIy. ,T and H are the stagnation pressure and enthalpy, respectively.
On solution surfaces, the mass flow rate is not written out. instead, the
ratio of the initial-vaue surface mass flow rate to the locally cvaluated
mass flow rate is given. All thrusts and moments have been multiplied by
this ratio in an attempt to c-.;cel out errors due to integration over the

_entire surface. These errorg are some indication of the accuracy of the
overall scneme; however, the accuracies of the individu~l properties at ear,
solution point are not dependent on these overrl! vflues, since these values
are not used in the second-order integration scheme. Th- last line of data
2entfies fs point in the flow which controls the step size so as to

sa-isfy the Courayft-Fredichs-Lewy stabi'-ty criterion. The safety factor
is discussed in Volume I, and DELTA X is the ,Gmputed step size to the next
solution plane.

Sample ca~e 1 required 91 seconds of central processor time and 122
seconds of peripheral processor time on the CDC E500, and 190 sec- Js of
central iemory time on the IBM 7094.
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SAMPLE CASE NO. 1
$CNTRLL IVSTYPu2,
NP=79
XMAX=o.(. $

___ WALSSL THETAr=36.,___ XE=lU.0,

THETAE=13.0
SAROS8L GAMMA='L.4,
RGAS=53,3 $

HE IVSL NPOS=49
mv MCIVS=1.1c,

PTC!VS=1uou.,
HCIVS=1255.,
ALPSRC=I.u $

Em

____Figure 3. Date Deck I

____ 
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2. SAMPLE CASE 2

E The second sample case is identical to sample case I in every respect
except the specification of the thermodynamic properties of the gas. Thus,
NAMELISTS CNTIRLL, WALS8L, and IVSL are identical t6- those developed in
sample case 1, and are not discussed further here. For sample case 2, the
flow is assumed to be isoenergetic and homentropic, with the gas properties
specifiA~ by tabular data. it should be kept in mind that the tabularI property option can only be employed for isoenergetic, homentropic flows.
This option is employed by specifying GMEUM as one or less. Thus, theU default value ofl 0.0 will automatically specify the tabular data option.
For the present case, a table of 30 values. of M, p. a 6 P and T wac gener-ited
for a gas having Y = 1.20 and R = 53.3 (ft-lbf)/(lbm- R). In other words,
the thenimdynamic data used in sample case 1 by specifying y and R are also
employed in sample case 2 in tabular form. Thus, the results of these two
sample cases should be- identical except for small differences due to usingU inte rpo' iated values of the thermojdynamnic properties. The tabular values of
MTAB, PTA8, ATAB, IQTAB and TTAB are presented in Figure 5. Those values
complete the specification of NAMELIST AIR0SBL.

Figure 5 is a complete listing of the data deck for sample case 2.
Figure 6 presents selected portions of the output from samrple case 2. By
comparing with the results of sample case '1, it car. be seen Lhat essentially
identical results are obtained. Sample case 2 required 82 seconds of'

central processor time and 122 seconds of peripheral processor time or, the

CDAC 6500, and 173 seconds of central memory time on the IBM 7094.
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SAMPLE CASE NO* 2rn CNPLL JVSTYP*Zt

SWALSOL TNETATw36.0,3 XE' 10.0,
RE*4.0,

THETAS*13.0 S

2.8 ,3-0,3.2.3.4, 3.6,3.8,4.094.2 .4.49'.6,4e8.5.0,5.2i"555.86.1.
PTAB=528.3,468.AA1Z.4, 360.9.324.2,272.4,235. 3,202.6,174.0, 149.2. 127.8,93.5,

68.4,50.l,36,8&.27-22,20.22l,12,1!,38,8.628,6.586,5.062,3.917,3,0522394
1. 890 *1. 501. 1. 075 .0,7794s .5720.
A8.B3164.1,3110.1,3054.1,2996.5,2937.R,2878,4,2828.8,2759.2,-2700,02641.3

2583. 5.2470. 7.2362.8.2260. 1,2162.9.20?1.4.1985.3. 1904.6,1828.8s1757.8. 1691.3,
1628.9,1570.3,1515.3.1463.6. 1415.0,14369.Z,1305.4,1246.8,11.92.A,

rR.TA=0.3425,0.3143,0.2870,0.2l09,.0,2364.0.2134,0. 1922,0.17274,. 15&98*
0.13886,0.1243,0.09945,0.07953,O.06369,0.05113,0.04119,0.0331,0.0270,,O.02210,
0.01813,O.0l495,0.Ol2l9fl.01031 ,0.0'86279,C.007255.0.006126j.0.*005198,0.004094,
C.0325; .0.002609*
TTAB=4166.7,4025.8.3882.0,3736 .9,3560.0,3448.33069,3168.6,3033.9,29o3.6*
2777.8,2540.7523?3.4n?125.9,1947.01785.7,1660.4zsoq*r,1392ovl286o,11,o.5
1I42102, ~6.3,955.6.891,6,033.3,780.3,709.2,646,9,592.3 s
SB/St NP0Sr4,

P1TCIVS= 1000.0*
HCI VS *1255.0.
ALPSRC.10.0 S
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3. SAMPLE CASE 3

The third sample case is identical to the first in every respect
except no planes of symmetry are assumed, and the Mach nunber at the center
of the source flow initial-value surface is increased to 1.5 to simulate
a supersonic start condition such as could occur in a scramjet. In addi'tIon,
the centerline of the nozzle is offset from the coordinate axes to illustrate
that option. Thus, NAMELISTS CNTRLL and AFRSBL are the same as in sample
case 1. The values of YAXIS = 1.0 and ZAXIS = 1.0 have been added to
NAMELIST WALSBL. In NAMELIST IVSL, NPVS is allowed to have its default value
of 0 for no planes of synmetry, MCIVS has been changed to 1.50, and YCIVS
and ZCIVS have been specified as 1.0. These changes complete the speiifi-
cation of data deck 3.

Figure 7 is a listing of data deck 3. Figure 8 presents selected
portions of the output from sample case 3. This sample case require.d 494
seconds of central processor time and 129 seconds of peripheral processor
time on the CDC 6500, and 886 seconds of central memory time on the IBM 7094.
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SAMPLE CASE NO, 3
SCNTRLL IVSTYP=2,

XMAX-10*0 $
SWALS8L YAXTS1.,?oAXTS=1.0,
TrwETAT=16,

RE-:4*09
THETAE=13,0 S
$AROSBL GAMMA=1*41
RGAS=53&3 $
IFIVSL YCTVs=1*09

MCITVSz1 509
PTCIVS= 1000.0,

HCIVS=l255.0,
ALPSRC=1O.0 s

Figure 7. Data Deck 3
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4. SAMPLE CASE 4

The fourth sample case is again identical to sample case I except for
the initial-value surface, which is specified by tabular input. This option
can only be employed for axisynmetric initial-value surfaces. In addition,
a variation in the stagnation pressure and enthalpy across the initial-value
line is specified, resulting in a rotationai flow such as might occur in air
breathing propulsion systems. The rotational flow option can only be employed
when the thermally and calorically perfect gas option is specified. This
limitation is a consequence of allowing for only a one-dimensional table for
thermodynamic properties in the tabular property option in ARWSBL. This
restriction can be easily removed by furnishing a three-d;mensirnal table
with static pressure, stagnation pressure, and stagnation enthalpy - being
the three independent variables. Thus, NAMELIST CNTRLL is identical to case
1 except for IVSTYP which is set equal to 3. NAMELISTS WALSBL and AROSBL
are the same as in sample case I.

NAMELIST IVSL was constructed as follows. For four planes of symmetry,
NPOS = 4. The initial-value line data were obtained from a source flow having
the same properties as in sample case 1. Thus, XIVS was set at 0.174 inches,
anid YCIVS and ZCIVS were allowed to assume their default values of 0.0. The
parameter MCIVS, PTCIVS, HCIVS, THECIV, PHICIV, ALPSRC and BETSRC are not
specified for the tabular initial-value surface option. Twelve values of
y, denoted by RIVS, were obtained at intervals of 0.1 inch across the initial-
value surface of case 1. The Mach number MIVS and pitch angle THETIV were
obtained by interpolation at the selected values of y. In order to illustrate
the option of having variable stagnation pressure and enthalpy, PTIVS and
HIVS were not fixed at the constant values of case 1, but were varied as
shown in Figure 9. PTIVS decreased continually from 1000.0 psia at the
centerline to 760.0 psia at the wall, while HIVS increased co,'inually from
1255.0 Btu/Ibm at the centerline to 1350.0 Btu/Ibm at the wall. These
variations are representative of the profiles which might occur in scramjet
engines. This completes the specification of NAMELIST IVSL.

Figure 9 is a listing of data deck 4. Figure 10 presents selected
portions of the computer output generated by sample case 4. This case
required 101 seconds of central processor time and 135 seconds of peripheral
processor time on the CDC 6500, and210 seconds of central memory tiie on
the IBM 7094.
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SAMPLE CASE NO. 4
SCRTRJ.L IVSTYP&39
NPm7,
XMAX-10.0 s
SwALS8L THETAT-36.g.
XE-lU.0#
RE .4.0*
THETAE*13.0 S
SkROSBL GAMMA-1.4#
RGA~w53.3 $
SIVSL NP4P4*
X!VSs0. 174.
RIVS=aOeol02.O3.O.490 

5 Q.6 O O u9 ioioit*05 30 s

H! VS&1255.O, 1260.0, iZ70.0#1280*U, 1290.0. 130001310 0 132LJ0 1330,14*l5.

TIETIVOOtv.5,1.3233o5O,6.7Oeo,cl,
80 9 , 10 .0 S

Figure 9. Data Deck 4
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5. SAMPLE CASE 5

This sample case illustrates the nozzle contour option which specifies
a super-elliptical nozzle with 2 planes of symmetry (i.e., NSYMMY = 2 and
NPOS = 2). A uniform, parallel flow initial-value line (IVSTYP = 1) with
seven points will be employed (NP = 7). The numerical solution will hp

carried out to a length of 3.75, which is the value specified for XMAX.
These values complete the specification of NAMELIST CNTRLL. This nozzle is
geometrically similar to the nozzle presented in Figures 19 and 20 in Volume I.
'The only difference is a linear scale factor of 0.75 which must be applied
to all dimensions in Figures 19 and 20 to obtain the present sample case.
Thus, the isometric plot, the cross-section plots, and the polar pressure
profiles presented there can be directly related to the present case.

The super-e.7iptical contour parameters are specified in NAMELIST WALSBL.
Thus, NSYMMY = 2, and YAXIS and ZAXIS are left at their default values. As
usual, XT is left at its default value of zero. The next six parameters
specify the contour intersections with the two planes of symmetry; thus, two
values of each parameter must be specified. The iritial contour is circular
with RT = 0.75, 0.75 and RC = 0.75, 0.75. The point of tangency between the
circular arc throat and the parabolic contour intersections with the two
planes of symmetry are chosen as THETAT = 16.5, 7.0. The exit points in
both planes are set at XE = 3.75, 3.75, and RE = 1.59, 1.07. The slopes at
the exit points on the coordinate plane intersections are THETAE = 8.5, 3.0.

The remaining 14 parameters are used to specify the super-elliptical
exponents in the flow space between the two planes of symmetry. Thus, one
value for each parameter is required. The X1 coordinates of the three points
selected to specify the Xl variation of EXPY are XYl = -1.0, XY2 = 0.20, and
XYS = 3.75. Likewise, XZI = -1 .0, XZ2 = 0.20, and XZ3 = 3.75 for the
specification of EXPZ. Note that XYl = XZl = -1.0 is completely upstream
of the nozzle throat radius of curvature, which is 0.75 inches. This is
immaterial since these values are used only to curve fi- the exponents as
functions of the X1 cuordinate, and need not fall on the contour. In order
to maintain an axisyrmetric contour up to Xl = 0.20 inches, the exponents up
to and including that point must be defined as 2.0, and the derivative of
the exponent at the central point must be 0.0. Thus, EXPYI = EXPY2 = EXPZI
EXPZ2 = 2.0, and DEDXY2 = DEDXZ2 = 0.0. The super-elliptical exponents
downstream of the throat will be chosen large in order to generate a contour
approaching a rectangular shape. Thus, EXPY3 = EXPZ3 = 10.0. This completes
the specification of NAMELIST WALSBL.

The same gas chemistry as specified in case 1 will be employed. Thus,
NAMELIST AROSBL is the same as in data deck I.

For a super-elliptical contour with 2 planes of symmetry, NPVS = 2.
XIVS, YCIVS 8nd ZCIVS will be left at their default values. The remaining
parameters are fixed at the values used in sample case 1, namely, MCIVS = 1.10,
PTCIVS = 1000.0, and HCIVS = 1255.0. No pitch or yaw argles are desired, so
the specification of NAMELIST IVSL is complete.

Figure 11 is a listing of data deck 5. Figure 12 presents selected
portions of the computer printout for sample case £. This case required 224
seconds of central processor time and 213 seconds of peripheral processor time
on the CDC 6500,and 436seconds of central memory time on the IBM 7094.
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SA.'4PLE CASE N0. 5
$C'TRi.L IVSrvP~i,
NP=7~
XNIAX=3*75 $
$WALSBL NSYMMY=2#
RT=0.75#,75,
RC=u.75 ,v.75t
THETAT= 16.5p7.0,
XE 3. 75,3.75,
RE=1959t1.07,
THETAE=8*5f3*Ot
xy1=-ISO,9
XY2=Uo20,
XY3=3*75t
EXPY1=2*u,
EXPY2=2*0
EXPY3= 10.0w
DEDXY2=0 .0,
xzi =10,9
XZ2=U*20#
XZ3=3. 75,
EXPZI=2 .0,
EXPZ2=2eUq
EXPZ3= 10.0, z
DEDXZ2=C.0 s
SAROS8L GAMMA=lo41
RGAS=53.3 $
SIVSL NPOS=29
MCIVS=1.109
PTCIVS=1'jU0u.0
HCIVS=1255*o $

Figure 11. Data Deck 5
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Sample case 6 is designed to illustrate the nozzle con'.our option of
a completely general super-elliptical contour. Thus, all four sets of
parameters specifying the contour intersections with the four coordinate
planes must be input, as must all four sets of parameters specifying tVie
super-elliptical exponents in each of the fouy quadrants of the flow, space.
NAMELISTS CNTRLL, AROSBL and IVSL ar specified to be the same as for sample
case 5 with the exception of XMAX = 10.0 so a longer nozzle can be specified,
and NPS which is left at its default value of zero. Thus, these three
NAMLISTS do not need to be redefined.

The general super-elliptical contour specification is defined in
NAMELIST WALSOL. For such a contour, NSYMMY = 3. YAXIS and ZAXIS are left
at their defauit values of 0.0. The np't seven parameters, each containing
four values, specify the contour interaections with the (XI ,X2), (XI  X3),
(XI,-X2) and (X1,-X3) coordinate planes. All four intersections are com-
posed of circular arcs centered at Xl = 0.0 joined tangentially to general
parabolas. Thus, the default values of XT are employed. The local throats
are all chosen as one inch, thus RT = 1 0, 1.0, 1.0, .. These are the
default values of RT, so they could be omitted if desired. The radii of
curvature of all four circul;- 1rc segments is chosen as 0.5 inch, so
RC = 0.5. 0.5, 0.5, 0.5. The angles at the points of tangency between the
cir_,Aar arcs and the parabolas are speci FIed as THETAT = 30.0, 35.0, 30.0,
40.0. The final points of all four contour coordinate plane intersections
are to be specified at X1 = 10.0 inches, so XE = 10.0, 10.0, 10.0, 10.0.
The radii to the contour intersections at the exit are RE = 4.0, 5.0, 4.0,
6.0, and the wail slopes at these points are THETAE = 5.0, 7.0, 5.0, l0.U.

The next 14 parameters, each containing 4 values specify the variation
of the super-elliptical exponents in the 4 quadrants of the flow soace.
The order of the 4 values of each parameter in relation to the 4 quadrants is
discussed in Section IV.4. The Xl coordinates of the four first points
used to specify t' variation of EXDY are XY! = 0.0, 0.0, 0.0, 0.0. The
second p.vints are XY2 = 1.0, 1.0, 1.0, 1.0, and tfe third points are XY3
10.0, 10.0, 10.0, 10.0. The values of EXPY at these points are all four
E:*PYI = 2.0. all four EXPY2 = 2.0, and EXPY3 = 2.0, 5.0, 5-0, 2.0. The
derivatives of the exponent at the middle points are set equal to zero in
order to maintain an axisymmetric initial contour; thus, DEDXY2 = 0.0, 0.0,
0.0, 0.0. Similar specifications must be given for EXPZ, the exponent of
the z-axis term in the super-elliptical equotion, Eq. (1). Thus, aI four
XZI = 0.0, all four XZ2 = 1.0, and all four XZ3 = 10.0. The values oF
EXPZ at these twelve points are all four EXPZ! = 2.0, all four EXPZ2 = 2.0,
and EXPZ3 = 5.0, 2.u, 5.0, 2.0. The derivatives at the midpoints, DEDXZ2,
are all four set equal to zero to maintain the axisymmetric shape up to that
point. This completes the specification of NAMELIST WALSBL.

Figure 13 presents data deck 6. Selected portions of the computer
output ar illustrated in Figure 14. Sample case 6 required 662 seconds of
central processor time and 156 seconds of peripheral processor tine on the
CDC 6500,andI192econds of central memory time on the IBM 7094.
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SAMPLE CASE NO. 6

$C-NTRLL ivsTYP~1,
NP=79
XMAX=10, $

SWALSBL NSYMMY=3 9

TNETAT=30 eU 35*0 ,30.0 ,40*0

THETAE = 5.u705(9O
0

xyl=U.0 ,*uou,0Oqeo'
x y2=140'1.ouglulu
)Y3=1U*O,1U*091O09UJqloq
EXPY1r2o02 U02*Uv

E Xpy2=2,92w5.92*9v

XZ3-10.tOU.q, 10.,10.0

EXPZ1=29v92*
0 2.0' 2.0

EXPi220(v,
2* ,2 *O,29jf

DEDY,2=0*0u*0 ,00,

$AROSBL GAMMA1*
4

RGAS=53*
3

$JVSL MCIVSl.
0

PTCIVSNO-
0 '

HC!.V512 55 *v- $

Figure 13. Data Deck 6
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7. SAMPLE CASE 7

Sample cases 7 and 8 are designed to illustrate the tape data storage
and retrieval operations. The two nozzles are identical in all respects,
with case 7 running one inch down the nozzle and writing the solution on
tape, and case 8 restarting from the tape to continue the solution to the
end of the nozzle. Thus, all data are identical except the parameters
NSTART and XMAX. NSTART is set equal to 0 in case 7 to generate a data
tape, and equal to 5 in case 8 in order to restart from plane 5 data stored
on tape by case 7. XMAX is set equal to 1.0 in case 7 to generate the
solution to that point in the nozzle, and then set equal to 10.0 in case 8
to complete the solution.

The problem being considered is a skewed, uniform inlet flow into
an axisymwretric, 100 conical nozzle 10 inches long having a-throat radius
of 1.0 inch, a throat radius of curvature of 0.5 inich, and the throat
located at X = 0.0. Thus, in NAMELIST CNTRLL, IVSTYP = 1, NP = 7, XMAX
1.0, and NSTART = 0. PRINTI, PRINT2 and ERROR are allowed to assume their
default values.

In NAMELIST WALSBL, the default values of NSYMMY, YAXIS, ZAXIS, XT,
and RT are employed. RC is set equal to 0.5. Since the contour is a 100
cone, THETAT = THETAE = 10.0. In order to completely specify the entire
nozzle, XE = 10.0 even though the solution will proceed only to XMAX = 1.0.
For a conical nozzle, RE does not need to be specified. The remaining
parameters are concerned with super-elliptical contours and do not need
to be specified here.

The gas thermodynamic properties are chosen to be those of a thermally
and calorically perfect gas typical of solid propellant rocket motor exhaust
products. Thus, GAMMA = 1.2 and RGAS = 60.0. No other parameters need
to be specified for this option.

In a uniform flow skewed with respect to the nozzle contour, only one
plane of symmetry will exist. The skewed flow is obtained in this example
by specifying a uniform initial-value surface with a Mach number of 1.10
which has a Ditch angle of -l.0O superimposed on the entire surface. Such
a flow will be symmetrical about the y-axis. If a uniform yaw angle is
superimposed on the flow, the z-axis will be a plane of symmetry. However,
the program logic for considering planes of symmetry always fixes the
positive y-axis as one of the planes cf syitry. Thus, in order to take
advantage of the flow symmetry, the skew angle must be selected a.: the
Ditch angle. ThuS, N"PS = 1, and XIVS, YCIVS and ZCIVS are left at their
default vd-ues. £.ISO, MCIVS = 1.10, PTCIVS = 1000.0, and HCIVS = 3255.0
as in Samole cast- i. To specify the skew angle, THECIV = -1.0. The remaining
parameters are no- required in this problem. Thus, the specification of
NAMELIST iVSL is complete.

Fic.,re !5 oresents the data deck for case 7. Figure 16 presents selected
por:ton s c te cnter output. The solution required 13 planes to reach
a nozzle le!,th of ,rne inch. This case required 166 seconds of central
processor ti-e and 89 seconds of peripheral processor time on the CDC 6500,
and 309 seconds of central memory time on the IBM 7094.
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SAMPLE CASE NO. 7
SCNTRLL IVSTYP=lt
NP-i,
XMAX=1.O,
NSTART=O
$WALSBL RC=O.5j
T HE TA T=10d.0
XE='10.0,
THETAE=100 0 S
$AROSBL GAMMA=1.2*
RGAS=60.u $

$IVSLNPOS=.,

PTCIVS1.,uu,
HCIVS=1255.uo
THECIV..-1.u $

Figure 15. Data Deck 7
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8. SAMPLE CASE 8

The purpose of this sample case is to demonstrate the tape restart
capability of the program. A tape was created by sample case 7, with 13
solution planes. 'That solution can be continued from any plane including
or after plane 3. For example, NSTART = 5 in NAMELIST CUTPLL will initiate
the solution for plane 6. The only change required to the data deck of
case 7 is the change of NSTART to 5 and the increase of XMPAX to 10.0.

Figure 17 illustrates the data deck for case 8. Figure 18 presents
selected portions of the computer output. As seen by cross-ehecking, planes

5 through 13 are identical to those calculated in case 7. This sample case
required 418 seconds of central processor time and 194 seconds of peripheral
processor time on the CDC 6500,and 873seconds oF central remory time on the
IBM 7094.
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SAMPLE CASE NO. 8
$CNTRLL !VSTYP=1,
NP=7,
XMAX=1Q.U,
NSTART=5 $
SWALSBL RC=O.59
THE TAT=!U.09

THETAE=1U*U S
$AROSBL GAMMA=1929
RGAS=6O.G 5
SIVSL NPOS=lt
MCI VS=1. 10,
PTC IVS=1000. 0,
HCIVS=1255*vg,
THECIV=-l.u $

Figure 17. Data Deck 8
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SECTION VI

PROGRAM LISTING

This Section contains the complete listing of the BM 7094 version of
the computer program. The CDC 6500 version is identical except for the
necessary changes to the overlay structure and the format of multiple
entry points to subroutines.

N
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SIBFTC MAIN

C PA! 20

C PA! 40
C PRCGRAM TITLE--THREE-DIMENSIONAL ANALYSIS CF SLPERtSCNIC NOZZLE FLOW PA! 50
C PA! 60
C 1 7~es*~*****~*;*#A 0
C THIS PROGRAM WAS PRODUCED AT THE PURDUE UNIVERSITY JET PRO! 0151M PA 1 80
C CENTER AS A PART C THE RFOUIREMENTS OF AF CO14IRAC7 NUMBER F33615- VAI 90
C 67-C--1068. THE CONTRACT WAS SPONSORED BY THE AERO PROPULSION PA! 100
C LAEORATORY WRIGHT PATTERSON AFR, OHIO. THE PROGRAM WAS wR!TTEK BY P'AI 110

wma-mC V.H. RANSOP AND PPRINCIPAL INVESTIGATORS FOR PURDUE UNIVFRSI TY INERE PA! 120
C PRCFESSORS H. DOYLE THOMPSON AND JUE 1. UFFMAN. I"AI 130
C ****A* *****v*~*********.se** ***4*WI140
C FA! 150
C OVEKLAY STRUCTURE FOR 1B84 7094 PAT Ib('
C VA! 110
C IWA! 180
C MAIN PA! 190
C BLOCK DATA toA! 200
C THRtUST IWA! 210
C EARORS PA! ?20
C AROSUe MA! 230)
C WALSUb tWA! 240
C 0ErER P A!1 25')
C IfER 11A! 1 ?6
C NSOLV FA! 210
L REFLCT I. I ! '1)

C REFRY 10A 1 "10

C A A 00A ' 3 1
C PA! 3 2
C SPLINE BRAIN i 0
C MACHP IN T E RP
C SOURCE SLAES
C INVALS XRGLTR
C I YSU FA!1 310
C PA! 31i0
C '1 B B C C C PAI 190
C MA, 400
C READIN WALSB2 IVSURF PRN IVS !300NCR IN IFR PRNCL" A!1 410
C TESS INTXRG BPTSUB IPISUB VA! 420

1fPO LADAL BC0. PT COMPAT VWA I4t30
C rPMATE PA! 4.40
C CROUT FA! 4!)0
C AROS82 PA! 4 t0

FA! 470

C OA!1 490
C W'A! 500

COPMON /CNTRL/ PRINTLPRINT2,ERROR,!VSIYPtICLASSN',NT,I! ,JLLLW'AI !'10
INSTARTDELXtOUELXtKKtXU?)#XMAXNO PA! 520
COPMON /CCN~ST/ PbORAO,8T,G,BTUOr, FA! 530

10 L-1 PA! 540I0
15
RAN
U -

M0



CA L READIN A! 550t
CALL WALS82 t56
CALL AR0S82 MAI 570
CALL INVAL2 PA! 580
CALL IVSURF MAI 500
1.s2 MAI 610
LL-1 MAI 620
CALL THRUST MAI 630
LL-2 MAI 640
CALL LABAL SA 1 660mo-CALL INTXRG M it 670
CALL PRNIVS MAI 680
CALL BRAIN MAI 690
STOP MAI 700
E ND sA 1 710-

1 12



SIBMAP UNIT
ENTRY *UN07.

*UN'v7e PZE uNITj~7

)N I T(7 FILE tUT I MOuNT , N T *oL<-t'5-
END

vI

WE
WE



SIIFTC CNSTNT
eLOCK DATA 8KO 10
COPMON /XRSLT/ RM z,19,1g),VX0L(2,19,1q;),EXC:NRELXINoPP,hI.NSAF8K0 20

1 TY 890 30
COM'MON /CCNST/ PhVDRADt8TUtGe8TUUG BK1) 40
COMMO1N /AROI/ GAAIA,RGASGAM1,GAD'2tGAM3,CAN4,GAM5tPTA8(30) ,ACO(4,38K0 50
101,R0C0(4,3O3,rCO(4,303,QSCO(4,30),NFENHERM,I1II,PSOURC 8KO 60
COPMON /AR02/ ATAB(30,2),RVTAB(30,2),TIAB(30,2),QSTA(3,2,I'TABt38KV 70

101 BKV 80
COMMODN /CN'tRL/ PRINTI,PRINT2,LRRORIVSTYPICLASS,NP,NT,1iJJ.L.LL,8K0 90
INS TAR7, OELx , VEL X tKK 9X 2) , XMAX, NO BKO 100
COPMON /IVS/ XSORC,YSC~aC,L SORCX1'ISYCIVStZCIVSMCIVStPHICIVTHECIBKV 110

IV,PTC IVS,HCIVSR !VSMIVSTHETIVPSI 1VPT1VSrH1VSXPSORCtYPS0PCtLPSK ' 120
2ORC,ALPSRC,8ETSRC 8KO 130
COI'MON /PLANES/ NP0SvNX(1,NYlpNI1,NX2tNY2#flZ2 BKV 140
COMMONt /WALSO/ YAYIS,ZAXIS,XT(4),RT('JRC(4)hTHETAT(4).XEI4h*REC4I8KV 150
ItTHETAE(4dNSYMMYXYI(4)tEXPYI(4),XI2I4) ,EXPYZ(4),DEVXY2(41,EXPY3I8KO 160
241 ,X11(4),EXPZI(4)tXZZA 42,EXPZ2(4) ,VEOXZ(4) ,EXPZ3(4),XY3(4),X13148KV 170
31 BKV 180
COP?40N /COGF1/ XX(43,RR(4),AK(4),XXT(43,YT(4),AN(41,ON(4),CN(4),VN8KV 190
11')ENI4)tAAY14) ,BAYI4) ,CAY(4),ABY14),8BBtt4),CBY(4),AAZ(4),BAZl4),BKD 200
2CAI(4) ,A81(4),88Z(43,CBZ(4),AYTFST(4),AZTEST(4),8YTEST(41,BZTESTE48KV 210
j3),SYMMYr14) BKO 220
CUPMON /THRijI/ AREAAREAT,FMASS,XTHRIYTHRIZTHRI#XTHRYTHRZTHR,XBK0 230
1P COT ,Y'OMT , L MMT I PAMB F.MA S SI tRM ASS 8KV 240
CIPENSION RIVS(30)t P1IVS430)t THETIV(3), PTIVS(710*2)p IIV'4(30#2)P8KV 250
1 PSIIV(303 8KV 260

REAL MCIVStNXIoNY1,PNZIt NX2tNY2tN2I4TAB 8KO 270
INTEGER PRINTI,PRINT2 BKO 280

c BKO 290
C LOAC DEFAULT VALUES FOR 14PUT PARAMETERS AND PROGRAM CONSTANTS SKO 300
C, 6KD 310

CATA PiVRAD,8TU0GG/3.l1415926,0.017453292,25o36.639,32.1739/ BKO 320
CATA PRINT1,PRI NT2,ERROR, IVSTYPNP0S/0,1,0.0C01,0:0/,GAI.MA,RGAS/0.BK0 330
10,1.0/,XS0RCYSORCrlS0RC,XIVS,YCIVStZC IVStMCIVSPHICIVTIIECIV.PTCI8KD 340
2v5,tCIvS/0.0,,O.,.00.0,0.0,O.0.0.0,0Ot.0,0.0/tNXl NYI ,NZI/8K0 350
30.0#0,0t-1,0/,XMAX/0.0/ 8KV 360
LATA YAX!S*ZAXIS/O.0,0.0/ 8KV 370
CAI'A (XTI)Izj1=,41/4*0.0/ 8KV 380
CATA (RT(I),I-1,4I/4*I.0/ SKI) 390
CATA (RC(I1,I=,,4)/4*1.0/ 8KV 400
CATA (THETATUI)tIxI,4)/4*0.0/ 8KO 410
CAJA lXEI I)I, 1,4)/4*0.0/ 8KV 420
(A[A I RE()II 143/4*0.0/ 890f 430
CATA lTHETAE(IW,Iu1,4)/4*0.0/ BK0 440
CATA (SYAMY(13,is1,41,NSYIMMY/4;2.,I/ 8KV 450
CAIA I XYIl 1 ,I'1 ,4)/4.*0.C/ 8KD 460
rAr! i/.)I14I410 KV 470
CATA I( 13. 11 z,41/4*10.0/ 8KV 480

CAT. 1Xl11 13,1'1,4)/4'0.0/ 8KO 490
'ATS (x2 ,.,4/ 0 KD 500

CATA (CECXY2?I13,I-,4)14*0.0/ 8KV 520
CATA (0E(OXt21I),l=I,4)/4*0.0/ BKV 530
CATA (EXPYII I), I1,4)/4*2.0/ 8KV 540
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CArA (EXPY2(1I,IBl,4 )/4 *2 .0 / ~ 5CATA (EXPY3( 1),J-1 14 )/4*. 0 / 9 5
CArA EPjI11,)4Z0 K56
DATA iEXP12( 1),Il, 4 )/4* 2.0 / 8 K C 570
OATA (EXPl3 ),1-1,4)/ 4 *2 .0 / 8xf 583
DATA ('dTA8(J )91-1,303/3O*O~o, r3KO 590
DATA SAFTYIO.64/ BKO (.00
DATA PAeK8/o.0I 8ID 610
DATA NT,1ERMI/ BKO o20
CATA NSTART-1, BKO 630

8KD 65.0-

UE _ _ _ ___



SI8FTrC THRUST
SUBROUTINE THRUST THR 10

c TttA 20
C s***4S.**** THR 30

C THR 40
C CALCULATE CROSS SECTIONAL. AREA, wEIGt~f FLOwa, THRUST COMPONENTS, THR 50
C ANC PDMENTS. THE OEPENDE'4T VARIABLES ARE CONVERTED TO ENGiNEERING THR 60
C UNITS FOR PRINTING. THR 70
C THR 80

C T HR 100
COPKON /SO'LUTN/ Y(2, 19, 19),Z(2,19, 19),Uj(2,I9,191,V(2,19,19)o1(2,19TIR 110
l,19),P12,19, 19),PT(19,1.9),H(59, 19) ,KLASS(19,19) THR 120
COOMON /CNTRL/ PRINTI,PRINT2-EkR0%,IVSTYP,ICLASSNP,NTII,JJLLL,THR 130

INSTA~,,0ELXO0ELX,RKKX(2),jCMAX#,i0 THR 140
CQt'PrJN /THRUT/ AREAAREAT,FI'ASS,XTHRI,VTHRIZtHRIXTHRYTHRZTHRXTHAi 150
I'Oi' YyO"iTZIMOMTPAM8,FMASSI ,RmASS THR 160
COPMON /CCNST/ PI,ORAOBTU,G,BTUGG THR 170
CLTA NSKIP/I/ THR 180

C THR 190
C SET INITIAL VALUES TO ZERO THR 2OO
C T t,.% 210

AREAT -o.0 THR 220
XTHR=0 .0 DIR 230
Yf!HR.0 TtIR 240
ZTHR -%). THR 250
F bt A S 1, 0 . 0 THR 260
imcm1 =0.0 THR 270
YMONT -o.o THR 280
1 C ~o T-. 0 THR 290
hil-1 THR 300

C THj' 310
C ESTABI ISi RANGES FOR 11NTERGRAT ION DO LOOPS T;iR 320
C THR 330

GO TO (10P10,20,0), I:LASS TIIR 340
10 NJ Np THR 350

N I NP THR 360
GO TO 40 TmR 370

C T4R 360
20 hk-NT THR 390

hN -NP THit' 400
ibO T0 40 THR 410

C THR 420
30 %I-NT THR 430

NJ-NT THR 440
40 co 50 ( 'Nu THR 450

IF (ICLtSS.EQ.1) tNJI=I TmiR 460
CO 50 J=NJS~lJ Ti-q 470

C TDiRt 480

C CALCJLATE A, RO, -St AND T AT EACH POINT TiR 490
C T H, 500

CALL ARCS.-i (P(LLIJ),PTCIJ),tu(IJ),ARC,QST) THR 510

C THR 530
C CCNVEAT UNITS AND STORE IN UNUSED SICE OF ARRAIS TiR 543)



V( L I ,J)-RO*G 
14ZfL, 1,J)-SQRi(QS)q

'w(LI,J)-ZfL,1,JlA 
-5O P(Lt1,J)-T 

.-

C CALCULATE NUM8FR OF ONzEt* SEC T095 OF SCLUTICN SURFACE oij

NSECT.2..fl ILASS-l) 
196.Np 1 -NP- 1 

-R6c 
THR 6iDC INTEGRATIC. LOOPS 
IHR & 7C TOTAL SECTORS 
f iR6C 
THR 6,CO 230 Kw1,NSECT 
(HRi !o;,C 
T i' 711C EACH SECTOR IS 14TEGRATED By SUMMING TRIANGLL.Ar REGICNS "R,. 123C 
TR,- 731)CO 230 IIIlIPIi 
THiR 14NSW*2 
ftiR 15)CO 230 jjI-I1,NPI 
I ?%R 716)IF (J1~.P)NSw-l 
fHR I ICO 230 NTR-L ISW 
TMiK 18-3C 
rtR1 190C GENERATE INCICIES OF EACH TRIANGULAR EL;EMENT OF INTEC24L jHR b0oC 
TtiA 81000 220 KK 1, 3 
THR 820GO TO (600080), KK TfR t!3160 1-11THii 

840J-JJI*NTR-1 
T HR 8501

GOC 0 T- 9 0 THR 66.3
CTtiR d 7370 1-111.NTR-1 

riiA dej1jJ1 ;IHA 
rmR 93GO TO 90 
liif 900
hiP 913IIIl 
VHR 42aJ-JJI+NTR 
THA~ 93090 GO To (ICO,11O,120,1309140lO,5,tO,17fl, 
Ttin 940100 11-1 
TP'P 95)JIVJ 
rHR 963GO TO 180 
THP 910C 
1119 981110 11=J 
VT-i 993

CGO TO 180 THRIC 13
120 11=Nr.1-J 

THR91030j1=! 
THR 1040

cGO TO 180 THRIO50
C 7THR1060130 11=141.1-I 

71191010J1.J 
ThIOA180I GO TO 180 1119i090

I H9T1103

U

IONI



GO TO 180 THRI130

C THRI140

ISO I1-NT*1-J TtiRI50

S 1NT* 1-I THRI160

GO TO 180 THRI170
C THRI180

1&0 U.Sj THRI190
J1-NT. I-I TmR1200

GO TO 180 THRIZIO

C THiRI220

170 11-1 THR1230

JS-;NT#1-J TH91240
10Go To (1901200o210)t KK THR1250

190 mI-lI TiR 1260

kNil THR 1270
GO TO 220 TejRlZBO

C THR1290

20O 92-11 THR 1300

N2*SI THRI310
GO TO 220 TmiR1320

C T Hlt13 30
210 Ii3-!t THR 1340

N3-JI THIR1350

220 CONTINUE THiR1360

C I Hok,.3 70
C CALCULATE ARFA OF TRIAHGULAP ELEMENT ThR 1380

TH-R 1390

AREAOO.50ABStY(LLMlN1)*(ZhLL,NZ,N2l-lILL,M3.N3))*T(LLM2uN2)*TmiR1
4 00

I (ZILLM43,N3)-ZILLM1,Nl)).Y(LL,M3,N3)*IZ(LLM1PIN1ZILLM2,N2) )T,1R1'10

2 1 rio ,, ~ zo

AREh3-AttEA/3.0/144*0 THR143)

C THq1'44O

C CAILCULAIF CENTqoID TI-I.1450

C TmiR I4L.
Y8AR(Y(LLM,NIl*Y(LLMN2)YILLpP3,N3) 1/3.0 TmiR1470
ZOAR.(ZILLM1,NI).Z(LLM2,N2)ZLL113,N3) 1/3.0 TmR1480

C TbiR 1490
C CtLCGULATE MASS FLUXES TtnR 1500

HR5 10

ROUl'.UCLt1It1NI)*UfLL ,0il,h1 TtiRI520
ROU28U(LD2N2)*UILL,M2,N2) T~115 30
FOU30U(LtP3*N3)*U(LL ,P3tN3) THR 1540

c THR1550

C SUP PASS FLOWi AND AREA THR155O
C THR15 70

FNL3S-F#4ASS.E COUIR3U24R0U3)*AREA3 HI0

AREAT-AREAT4AREA TH~R1590

C THR1600

C CALCULATE THRUST COMPONE'4TSTH10
C THR 1620

XTHRI.-AREA3*(ROUIgtJ(LL,p41.NI,+ROU2SU(LL,P2.N21+R0U3*ULLid3,h3TH'Ub
3 O0

I )(P(LLO41,NltP(LLP42N2)PLL,M3N3fAREA3AREAOPAM8 11HR1640

VTHklI-AREA3S(qOU*VIEL,MlNl)4tROU2OY(LLtP2,M2I+R0U3*V1LL,P'3,h3THR1650

1 3) THR 1660
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IT MR I aAEA3 RUI*W(LL,MI,ROU2*W(LLP
2,,2 )#Rou3 WI.P303L 7

C I)THR 1684
C SUP POMENTS THRI690
c Tbig 1700

XMO~t MOT~l TnaJ YBAR-YTIRJ ZBAR 'HR172OYMOPT-YMOMT+X MR I OZBAR-ZTH IJOX I Lt THRI730C 1OMT.ZMONT.yTpg~ ex( L )-XTHR J*YBAR THRL740C SU9' HRUS0
C SU THRSTST.49!760

X IHR-XXTD~*7Rj IH18
* -- YTHRaYTHR#YTHR1 

THA 1790230 ZTHA*Z7lHa*ZkRI.~ 
TH10c 
mIs1C CChVERT MASS FLOw TO WEIGHT FLOW T,-R2a

F1MASS*FMASSOG 
!mR1830GO TO 1240,Z50). NSXJP T114240 F1MASSI=FMASS 

18 tb6
ksKIPV2 

H8740 O 15 
THi-Z 1a 10C 
I PR 1,80

C NORMALIZE THE THRUST COMPONENTS BY TI-E MASS FLCUa RATE RATIO T-Ai90C 
1250 AMASSOFi4ASSI/Fl4ASS 

T!,1920XTHR-XtkR#RMASS 
H93NTHR-YtHR*RXASS 

THm 193ZTHft-ZTHRvRMASS 
TmIP' 9',Z60 RE TURN, 
1iR i9b3~ .ti 7 19 70s

Ago9

IR



SISFIC ERRORS
SUBAOUTINE E9RO9S (MISTANI etiz 10

o ERR 20
c ***a6*t***$h t**daud.4***3e*e** EP0~ 30

-ERR 40 u
C O1AGNDST1C ERROR MIESSAGES FOR SC'iE OF THE ANYICIPATED MOES OF ERR 50
c FAILURE OF THE PROGRAM ERR 60

CERR 70
C ERR 80

CERR 90
GO TO (L0,20,30,40,50tht7Ota0,9,IO.1)C,IZC.130,140150160), MIERR 100
1514K ERR 110

t0 URITE 16*170) ERR 130
STOP ERR 140

oERR 150
20 bi~tEi 1b,18oIl ERR 160

STOP ERR 110
c ERR 1d0
30 WRITE (6,190) ERkR 190

STCP ERR 200
c ERR( 210
40 WRITE (6,20J) EA-t 223

STOP E ,- 231
C E.4 241-
50 %RITE (8,210) Exct 250

STOP CRA ZoO

60 hAITE (?2d!ER i

10 N-&ITE tb,230) Ell 312
RE, T % U LK Ek 32-

80 hRI'E :6,2401 54:
STOlp - 35-

90 *RITE (6,250) 112
5TCp1 I-,~.

100 %KRITIE (6,2631 --

110 1m; hI TE (6t210'ER'C

CCA 45Z

120 WRITE (o,2801 ER 4;t

c a RR kR

130 -R ITIE (6,2901£ 9
STOP ERR 533,

c ERR 510.
14r0 %RITE 16,330) ER2 52

STCD ERR 53f,
c ERR f

I



ISO WRITE (6,310) ERR 550
STOP ERR 560

C ERR 570
160 WRITE (6#320) ERR 580

STOP ERR 590
C ERR 600
C ERR 610
170 FORMAT (IHOtdOXpIIOHOse*ERROR STOP I - CALLED FORM SUBROUTINE REAERR 620

IDIN. INCORRECT SPECIFICATION OF INITIAL VALUE SURFACE TYPE, THE/IERR 630
2H0,1OXt54HPARAMETER IVSTYP CAN ONLY HAVE VALVES 1#203 OR 4#0** ERR 640

180 FORMAT (1I1001OXt114H*. eSERROR STOP 2 - CALLED FROM SUBROUTINE REAERR 650
11IN. INCORRECT SPECIFICATION OF BOUNDARY TYPE# THE PARAMETER NSYPERR 660
2#Y/IHO#IOX#S5HCAN ONLY HAVE VALUES 1t2 OR 3.*0$** ) ERR 670

190 FORMAT (IHO,1OXtII2H*G***ERRGR STOP 3 - CALLED FROM SU39O"IhE PMAERR 680
1Cff. CONVERGENCE FAILURE IN ATTEMPTING TO SOLVE FOR PRESSURE,***ERR 690
2) ERR 700

200 FORMAT (lIOtlOX 73He*e*.ERROR STOP 4 - CALLED FROM BRAIN, hC STARERR 710
%T POINT FOUND ON TAPE*00"') ERR 720

210 FORMAT (LHOtlOXtI12H'**"'ERROR STOP 5 - CALLED FORM SUBROUTINE SOUERR 730
IRCE. FAILED TO CONVERGE IN SO ITERATIONS# USUAL TROUBLE IS THAT AeRR 740
2/IHOIOXSSHSOLUTION FOR A SUBSONIC MACH NUPBER IS ATTEMPTED.O*OOERR 750
301 ERR 760

220 FORMAT !lHGtjOXii3 .wv**ERROR WARNING 6 - CALLED FROM SUBROUTINE ERR 770
LINVALS. INITIAL DATA IS EXTRAPOLATED USING LAST SPLINE# ERRCRS PAERR 780
2Y/IHD0IOXI2HRESULT.****) ERR 790

230 $ORMAT (IHO,OXtlIH**'ERROR WARNING 7 - CALLED FROM SUBROUTINE ERR 800
1INVALS. LAST POINT OF TABULAR AXISYMMETRIC INITIAL DATA DOES NOTiERR 81O
21HOPIOXtSHCORRESPOND TO THE NOZZLE BOUNDARY, ERRORS MAY OCCUR.***ERR 820
30s) ERR 830

240 FORMAT fIHO. lOXII h4*H' RROR STOP 8 - CALLED FROM SUBRGUTINE INVERR 840
IALS OR IVSUB. A MACH NWUER LESS THAN OR EQLPIL TO 1.0 WAS SPECIFIERR 850
2ED/IHOtlOX48HOR CALCULATED ON THE INITIAL VALUE SURFAC$.Q'**) ERR 860

250 FORMAT I1HO10XtII ZH**e$*ERROR STOP 9 - CALLED FCRM SU.AOIJTIKE IhVERR 870
IALS* A TABULAR INPUT INITIAL VALUE SURFACE HAVING MON ZERO VALUESERR OO
2/IWO. OXt6BHOF PSI WAS SPECIFIED WITH A GEOMETRY HAVING PLANES OF ERR 890
3SYOMETRY.***'*) ERR 900

260 FORMAT (IHOLOX#BHee**sEaROR STOP 10 - CALLED FROM SUBROUTINE hEAERR 910
ICIN. XMAX WAS NOT SPECIflED."*'S) ERR 920

270 FORMAT IIHO9IOXtIk5H**$ERROR STOP 11-CALLED FROM SUBROUTINE IPTSERR 930
lUG. INTER:OR POINT SOLUTION FAILED TO CONVERGE IN 20 ITERATICNS.**ERR 940
?04*1 ERR 950

280 FORMAT (IHO.IOXtIl5H*****ERROR STOP 12-CALLED FROM SUBROUTINE OPTSERR 960
IUB. BOUNDARY POINT SOLUTION FAILED TO CONVERGE IN 20 ITERATIOWS..*ERR 970
2***0 ERR 980

290 FORMAT (IHOlOXv1OlH*****ERROR STOP 13 - CALLED FROM AROSUB. ATTEPERR 990
IPTED TO CALCULATE THERMODYNAMIC DATA AT A PRESSURE OUTSIDE THE/IHOERRIOOO
2,1X532HLXMITS OF THE TABULAR INPUT DATA) ERRIOO

300 FORMAT IIHOtlOXo1OSH*#4**ERROR STOP 14 - CALLED FROM %ROSSo MAcklfIR 020
I UMBERS OF TABULAR DATA DO NOT MOWOTONICALLV ELREASE0e¢eo) ERR030

310 FORMAT IHOlOXtIlSH*****ERR(JR STOP 15 - CALLED FROM BRAIN. THE PERR1U4O
ARAMETERS READ FROM TAPE DO NOT AGREE WITH DATA INPUT FROM CARDSOOERRIC5O

20e* ERR1060
320 FORMAT (HOiLOXII2He***ERROR STOP 16 - CALLED FROM ITER. ITERATIERRIOTO

IVE SOLUTION FOR A POINT ON THE BOUNDARY EXCEEDED 25 ITERATIONS*e*eERRIOBO
2) ERR1090
END ERRtIOO-
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SIGFTCAaOSS

SIFT AROS50

C VNE PROPERTIES A, RD AND 0 ARE CALCULAOED AS A FUNCTION OF Ft PT ANDARO 60
C EITHER A NONHN1ENTROPIC FLOW OF A CALOICALLY AND THERMIALLY PERFECT ARC 70
C GAS OR A HOMENT107lC FLOWI OF A GAS 1D9 CHEMICAL EQUILIBRIUM IS AgO 80
C ASSUNED. IF GAPeNA IS SPECIFIED THEN THE FORMER# If NOT THIN THE AO 90
C LATTER IF A TAKLE OF P, R0. AND A VERSUS MACH No- IS PROVIDED. ARC 100
C A9C 110
C U4ITS OF P AND PT ARE LO/FTOeZ AAO 120
C UNITS OF H ARE FT-LI/SLUG ARO 130
C UNITS OF A ARC FT/SEC Ago 140
C UNITS OF 00 ARE SLUGS/FTO*3 ARC 150
C ARO 160
c he..eeee..e.'e.,*,.eeeeeeeees., ARO 170
C ARC 180

REAL NTA6 ARC 190
COPMON lAR~l/ GAHNARGAS.GAN1,GAH2,GAH3,GAM4,GAN15.PTAB(30)eACO(4,3ARO 200
10),ROCO(4,301,TCCI4,301,QSCO(4,30)tNFOENTHERAtIPSOURC ARC 210

COPNON ICCNST/ PltORA0,5TU.-G.8TU0G ARC 220
keNTu1 ARC 230
3O TO 10 ARC 240

C AAC 250
C CALCULATE At RC AND QS ONLY ARO 260
C ARC 270

ENTRY AROSB1(PtPTpHtA,~tOtQS) ARO 280
C ARO 290

hENr62 ARC 300
GO TO 10 ;iRO 310

C ARO 320,
C C.'.LCULATE A, RC, OS AND T tDAOP) ONLY ARO 330
C ARC 340

ENrRY AAOS03fPtPTpHvAtA0,QSt(4DP) ARC 350
CARC 360

NEt4T&3 ARC 370
GO to 10 ARC '00

c. ARC 390
C CONSTANT GAMMtANFOE at pOR EQUILISRIU1N, NFOE -2 ARC 400
C ARG 410
t0 GC TO (20#60)# NFOE ARC 470
20 CSv2.04*f1&O-JP/PT)0*GAhll ARC 430

ASO.GA930H4t P/PT) eeGAkt ARC 440
R0'GAHPA*P/ASO ARC 450
AnSORT ASQI ARC 460
G0 TO 130#40950)t D4fNT ARC 470

30 CACP.GAXI*A/f2.0*P) ARC 480
VADPT'-DADPOP/Pt ARC 490
VAW~vA/f2.C4N) ARC 500
O4ODPal#1.0ASO ARO 510
CR~oPTaGAN1ORQIPT ARC 520
COtDHo-R0/H ARC 530

40 RETURN ARC 540
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50 VADPOP/94R0GOGAS) ARO 550
RETURN AC 560

C AAO 570
C TABLE SEARCH ARfl 580
C ARC 590
60 IF fP.GE.PTASIIID GO TO 70 ARO 600

ISM* AO 610
C APO 620
C RAN OFF -AGLF AT LOW P END ARC 630
C AO 640

IF fI*6TeNTHERK) CALL ERRORS 113) AO 650
GO TO 60 A90 660

C ARO 670
T0 IF IP&LE&PTAIII-1)) G0 TO 80 ARC 680

1 11- AO 690
C AO 700
C RAN OF TABLE AT HIGH P END 49O 710
C AAO 720

!f :.EQ.1i CALL ERRORS 113) AR 730
Go To 70 ARO 740

C. AO 750
80 CELPwP-PIAB( 1-il 4R0 760
C ARC 770
C MULTIPLE ENTRY OPTIONS - EVALUATE DATA FROME CUiIC SPLINE ARW 780
C MWO 790

00 TO 190#100,110O)t 6ENT AO 800
90 AuACOIII),AC012eI)*OEILPACO(3,1)*DELpe.2,ACO(4,I)sOELP,.3 AR 810

RA~iW~;ROCOi1I 1002eIODELP.AOCO43,I)eDELPe*2.#0Co(4.Ij*DELp.*3 AR 820
CSUQSCO(1,I)4OSCOEZ,1I*DELP.QSCOI3,I)*OELP**2.OSCO(4.IJ.DELP.93 AO 830
OAOP*AC0(2,IJ.2.0*AC0(3.1)*DELP,3.C*AC0(4.5).OELP*,2 ARC 040
CRODPsROCO(2a2).2.O.ROCO(3,I)eDELP,3.0.RCCO14.I1.DELP..2 AO $50
OADPTsOo0 ARO 660
CAOHvO.O AO 070
CRODPToCO ARC 880
CRODO.0O* AO 890
RETURN AO 900

100 AOACO(I)*AC2.I)*OILPAC0I3tI)ODEL*2#ACO4,I)*DELP..3 AO 910
RO.ROCOl.I),ROCOI2, I)OVELP4'ROCO(3,I)*DELPOS2.ROCO(4,1)ODELP**3 ARO 920
OSOC(t)QC1c)DL+S,1#)DL*2eCI#i*EP$ AO 930
RETURN AO 940

110 AsACOi1,I),ACO(Z.I)SOELP#ACO(3. I)*OELP**2.ACCI4.I)OELP.,3 ARC 950
RDA*IOC.OiltlJ.ROi2. )*OELP*R0COI3,I)*OELPee2,bOC0g43i)VELP..3 AC 960
CSuQSCDu#I)*SCO12.I)eOELP.QSC0f3.I)e0ELPeSZ4QSCOI4,g).CELp*.3 AO 970
DADP.TCOtllI),TCO(2 6 I)IDELP4TCO(3.j).OELp*e2,TCO(4,I),OELP*.3 LAO 980
RETURN AOC 990
END ARC10OO-
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$IBFTC WALSUB
SUBROUTINE WALSUB tgfYtZgXDNYDNZDNJ WAL 10

C WkL 20
C M****O*e*~**b$$@*b*****e*eeO***b AL 30
C MAL 40
C WALSUB AND ITS ASSOCIATED SUBRUUTINES ARE USED TO DEFINE THE MAL 50
C PHYSICAL BOUNDARY OF Tif FLOW* OPTIONS INCLUDE AN AXISYPNETRIC MAL 60
C BOUNDARY FORMED BY A CiRgULAR ARC IN THE THROAT REGION JOINED TANG- MAL 70
C ENTIALLY TO A GENERAL PARABOLA FOR THE EXPANSION SECTION. SUPER- MAL 80
C ELLIPTICAL CCNTOURS HAVIVG TWO PLANES OF SYMEIRY AND SUPER-ELLiP- HAL 90
C TICAL CONTOURS HAVING 40 PLANES OF SYMMETRY. THE SUBPROGRAM WALS02 MAL O
C MUST BE CALLED FIRST IN ORDER TO INITIALIZE THE SU$ROUTINES. HAL 110
C THE ARGUMENTS PASSED INTO THE SUBROUTINE ARE THE COORDINATES CF A WAL 120
C POINT AND THE DIRECTION COSINES OF A LINE THROUGH THE POINT. TI-E MAL 130
C SUBROUTINE THEN LOCATES THE NEAREST INTERSECTICN OF THE LINE NITH MAL 140
C THE HALL. THE SUBPROGRA4S USED BY WALSUB ARE OETERM, iTER AND NSOLVYAL 150
C WRUTTEN BY So KIs5;CK JUNE 1969 MAL 160
C MAL 170
C Mewee eeeeeeee* ****e~b~e****s**eooeeeee eee HAL 180
C FASS PARAMETERS TO ITER HAL 190
C WAL 200

COPMOH /FUNXt P~,P2tP3#P49CZL3tC4tC5tCC 4AL 210
C MAL 220
C PARAMETERS FROM WALSB2 HAL 230
C UAL 240

COPMON /TRANS/ YOtZO.NSYMMY WAL 250
C HAL 260
C PARAMETERS FROM NSOLV MAL 270
C MAL 280

COPMON INSLV/ XNORNYNORNPZNORM HAL 290
C MAL 300
C THE PARAMETER XI IS NOT Pi HAL 310
C MAL 320

DATA NQ1,XLKCT/Ot3.1415999I#1/ MAL 330
GO TO 10 HAL 340

C AL 350
C ENTRY POINT WALSBL IS CALLED WHEN THE ARGUMENTS X#Yt AND I ARE MAL 360
C KNCUN TO BE A SOLUTION AVD COMPONENTS OF THE NORMAL ARE OESIRE). HAL 370
C THIS PROGRAM DOES NOT TAXE ADVANTAGE OF THIS FEATURE MAL 3 0
C HAL 390

ENTRY WALSBI(XYZ#X".YDN#ZDNI MAL 400
C HAL 410

XDNrO.O MAL 420
YOPOY-YO MAL 430
zoP4z-ZO MAL 440
DuSQRTIYOPe*2ZOP*s2) MAL 450
YOhsYOP/D VAL 460
ZrvoyrO P/C MAL 470
YCOS=YDN HAL 480
ZCOSxZDN MAL 490
GO TO 20 UAL 500

C MAL 510
10 CONTINUE VAL 520
C HAL 530
C NORMALIZE THE DIRECTION 4ATIOS HAL 540
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C MAL 550
C=SQR74 YOH**2.JDN#02) 1UAL 560
YCOSWYON/o MAL 570
ZCOSDZON/0 MAL 580
YOPOY-YO UIAL 090
ZOPwz-i0 HAL 600

C hEAL 610
C IF KCr 3 CCT4OUR fS AfisymmErRIC UkL 500
C MAL 630
20 GO TO 13OP5OL901, KCT MdAL 640
30 £9Cfw2 MAL 650

GO TO (409501f NSYHPIY kAL 680
C 14AL 670
C CALLED ONLY CNCE FOR. Aff AXIS5~tETRIC NOZZLE MAL 60
C - 690
40 CALL 9ETRMZ (YOPZCP.YONZON.A )Y.BNYCNYONYEt4Y.ANl.0NZ,#ftZohEWAL 700

IftZ AKY PAKZ.RC~tRCZ 9XOY, XOZ pAAY. BAY #CAY tABY,18 if CBYAAZp8AZ tCAZ #ABZWAL 710
2,38L,C0Z,#AYTESTAZTESTBYTES?.5;-TE5TN5Yh.Q,,TYXTZNXY7*Xj2J &EAL 720)
N04~ I AL 730
KC1.r3 MAL 740
GO i~o 190 MAL 750

C MAL 760
50 CALL DETERM YOP tZP #VON ,DN #ANY#( VYgCtdY#ONY*ENY,ANI vBNZCNiLONZ EWkL 170

1N1,AJKYAK1,RCYRCZ.XOYXOlAAY,8AYoCAYABYBBYC0YAAL,8AZCAZALNAL 780
2,88OZC81.AYrEST,AZTEST.BYtEST.8Z1E . T,dSYmi4QO,MYXTZNQ.XY2,EXZ2J UAL 790

C AL 80C
C IF NSY140D m I ALL QUAORAE!S OF TNE -1fl1LE ARE THE SAME, I.E., 2P05 MAL 610
C MAt. 820

GO T0 WOO,7), tSYHQV hEAL 830
60 IF IXsEQ*XI*AND.NQ*EQ'EQI) GO 10 200 hEAL 840

GO TO 80 hEAL 850
C MEAL 860
70 IF IX.E9*XXIAND.hO.EC.VGE) GO. TO 180 hEAL 870
C hAL 880
C TEST X TO SEE IF ON CIRCULAR ARC OR PARABOLIC bALL hEAL 090
C hEAL 900
s0 IF (X.LE*XTY) O r 90 hEAL 910
C hEAL 920
C COPPUTE SUPER-ELLIPTiCAL EXPONENTS hEAL 930
C UAL 940

eQm(X*ANY+CNY) hEAL 950
CQmI8tY*X**2,DNV*X#ENV) hEAL 960
w-8Q..5**5.SQRT (OQ0*2-4.*CQI hEAL 970

D8DX.-(0NY.2.*BNY*K.ANOeJ/iZ.8tANYY'XCY) hEAL 980
GO TO too hEAL 9~90

C WALl If00
90 BvAKY-SORTIRCY*#-1x-xOY)4*2) WAL(010

OBOE.- 4X-XOY 1/4 -AKY) W ALL020
100 GO TO (200*1101, NSYAQO WALL030
110 IF (X*LE.Xtlj Go TO 120 WALL040

BQu IXsAkZ#CNll WAL1050
CQmI8NZ*X*e2#ONi eX#ENU. WAL1060
hu-0Q*.5*.5*5Q~r I Q**2-4.*CQ) WAILIL01
CAtor-(ONZ.2..BNZ*X.ANI.Ai,(2.*A+ANIeA.CNZ, WALIO8O
60 TO t30 hEAL 1090

C .ALILOO
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1.20 AmAKL -SQR1IRCZ*02-IX-X0LJ*'2) wALlI 1

DOXo-t."-XOL 1/fA-AKL) wALI22
130 CONTIN4UE wALI130

IF IX.GE.xYZJ GO TO 140 hdAL 1140
EYsAeOY8Y*CBYOX*#2 biALL5O
0EYiiXweaY*2z CBY*X WARL1160
NSOLYU 8yTEST wALI 7
GO TO 150 WALhi8O

c WAL1190
140 EYnAAY*BAY*X4CAY*XO*2 MiAL1200

CEYDxx8AY*2.*CAY*X WAL1210
hSOLYxAYTfST wALIZZO

150 IF IX.GE.XZ2) GO rO 160 WALL230
E I&ABZ 4 B~t#X CBl OX* wAL124O

CELOX-B81*2. *081OX WAL1250
hSOCL-BZTEST WALL260

GO TO 170 WALIZI0
C WAL1260
160 EZaAAL+BAZOX.CAI*X**2 wAL 1290

OEZDXsSAL.Z.SCAZ*X wAL 130
h5OLZ=AZ.EST hiAL1310

C wAL 1320
C EVALUATE CONSTAUdTS USED IN ITER wALi.33
c WALL340
100 P*.sEL-1. WAL 1350

P2l'EY-L. wAL1360
P3 EL -2. *WAL1370
P.,=EY-2. wALL380
C aB**EY UAL1390
CzaiA**EL WAL1400
C'. C2*C3 wiAL14u10
c5=kl ".2 WAL1420
CCvE *3 igAL14 30

480 CONL- UE WALi44O
CALL OLV (A.B.LOP.YOP.LVNYON.EZEY.L1.YlNSOLL.NSOLYOADAOBDX.WAL145O

ICEzoxl( IYDx) WAL 1460
e, 01 NQ UAL 4 0
flux W1AL1480
Ta TI+YO WALL1490
1011+LO IWAL1!OO
XDNNXNORM IALL510
YONsYtiORM biAL152O
ZON-ZN0RM weAL1530
RETURN wAL 1540

c iwAL 1550
C SOLVE DIRECTLY WHEN CONTOUR IS AXISYMMEFRIC WALL,60
c WALL570
190 IF lX.ME.XlJ GO TO 60 wAL 1580

200 ROPvSORT (YOP**2#ZOP**2) WALL1590
Yv. V0-yop/R0Pso WAL 1600
luLO4-ZOP/ROP*$ WAL L6IJO
CEN0M-nSgRT(0B0X**2+1.) WAL 1620
XDN= -080X4'EN)N IALL630

YONWYOP/ROPIVEttOM WALL640
ZON-I OP/ROP/OENOM kAL 1650
NtfQINO wAL 1660
x~ue WALL(.70
RETURN WALL 680
ENDO WAL 1690-
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Slof C DETERM
SUBROUTINE DETERMI (YXpyDN,XON,ANI.8NICN!,DNI,ENIANJ.BNJoCNJ.DNJVET 10
1*EtUJ.AK1.AKJ.RCI#RCJ.XO1.X0JAAY1.8AYI.CAYI.A8Y5.8BYI.C8Y1.AALJ.8ADET 20
2ZJCALJ.ABLJ.881S.CBZJAYTI.AZTJ.OYTI .BLTJ.NSYNQOXTI.XTJ.NiQ.XY2NQVET 30
3#XZZ4Oj PET 40

C PET 50
C Pe**oe..*.*e*b*~*****~~be~*ese**e ET 60
c PET 10
C ESTABLISHiES THE QUADRANT THAI THE POINT IS IN# ANm) RETURNS THE DE! 80
C VALUFS OF THE CONSTANTS IN THE WALL CONTGLR E"OAIICNS DET 90
C PET 100

£ D oc 110
C PET 120

LOGICAL XSIGNoYSIGN PET 130
COPHON /SGNI X5IGN*YSIGN DET 140
COPMON /MIOLE/ XY2(41.XZ214) PET 150
C0OPMON /COOI/ X0(4),RCE4JAK(41.xtI4J .YT74),AN(A).8N(4J,CN(4J,OktDET 1-60
141tEN(4)*AAY(4)sAY4,CAY(4),AY(4)*Bbr(4)#CBY(41,AAZ41# BAZ(41 .CDET lisO
ZAZ(4'.AeZI4i .881 4).CBI (4JAYTEST(4J.ATEST()BYTEST(f1i .ZTESTI4IDET 180

3*Sl,.Y(4) ET 190
GATA NQI/0/ PET 200

L PET 210
C LOGIC TO DETERMINE THE QUADRANT PET 220
C NOTE I'ERE T14AT THE COORDINATE X AND Y HAVE BEEN USED FOR THE CCORD- PET 230
C INKJES X2 AND X3. DET 240
C VEr 250

XS ZGNXX.L I.0. P ET 260
ysioNoy.To. PET 210
IF (ESIGN) GO TO 10 DET 280
GO rO 40 PET 290

C VET 300
10 IF IYSSON) GO TO 20 DET 310

GO TO 30 VET 320
c VET 330

20 1-3 PET 340
PET 350

WQX3 PET 160
GO TO 60 VET 370

C VET 350
30 f-I VET 390

Ja4 DET 400
NQ84 VET 410
GO TO 60 VET 420

C PET 430
40 IF (YStGN) GO TO 50 PET 440

3jl PET 450
Jw2 VET 460
flow PET 470
GO TO 60 VET 460

C PET 4.90
50 1-3 VET 500

Jm2 VET 510
to-2 DET 520

60 CONT INUE VET 530
uSYmoDrsymNl VET 540
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C ET 550
C RETURN ONLY THll CONSTANTS FOR ONE GUAORAUT. IF CONTOUR IS SYPMETRIC OET 560
C VE T 570

GO YO (80#7OI# NSYMOV PET t 80
70 idS Y40 V2 DET 590

X&ABSMX Er 600
YmADS(YJ VET 610
XONwABSIXONJ VET 620
YONnAoSlYON) P ET 630
IF (NQ.EQNglJ RETURN DET 640
XY2N2*XY2(NQJ PET 650
Xl2NOwXl2L4NQ) VET 660
ANIxAN(l 1i ET 670
ONJOBNI) PET 680
CHNIN(Zi PET 690
CNI=ONfIJ DET 700
ENIXEN( ) OET 710
ANJaANI j) PET 720
8NJ=SN IJI VET 730
CNJUCNIJJ PET 740
CNJwVN(J) VET 750
ENJXENIJJ DET 760
XTIwXTIj VET 770
fJswT(JJ PET 780
AKI-AKIj) PET 790
AKJwAK(J) VET b00
RC1IMRC(I iiET 810
RCJ=RC(J) PET 820
X01.XO(1) PET 830
XOJNXO(J) VET 840
AAYl'AAYft) VET 850
BAYINBAY(NCJ VET 860
CAYImCAYfNQ) GET 870
ADYIsAM$YN91 VET 880
BBYI-SBY(NQI VET 890
COYINCOY(NCI VET 900
AAZJ&AAZIftgi VET 910
8ALJ28AlfINVJ P ET 920
CAZJ=CALINOJ VET 930
ABIJ-ABZ(NCJ PET 940
BBLJBBBINC) VET 950
CBLJ=CaL INcj PET 9~60
AYTlxAYTESTCNQl VET 970
AZTJUAZTESl(MQ) VET 980
loyflu8YTEST(N) VET 990
8ZTJm8ZTESffftQJ DETIOOO
NQIUNQ DET 1010
RE TURN OET1020O

c DET1030
C F')R NSY14Y I THlE NOZZLE IS AXISYMMETRIC DET1040
C DE T1050

fNTRY 0EtRN2iV4 X.YDW.JIDNANl,8NI.CNI.OftI.EN1.ANJ.8NJ.CNJ.VDNJENJ#AVETk06O
1I.AKJ.RCIRCJ.XOI.JCOJ.AAYI*BAYII,CAylI,A8Y1.88Y1.C8Y1.AAZJ.8AZJ.CAZVETI07
2J.AB:J89LJC1JAVTS.AZrJO)YTI .8zjtJNSyiOV.JtII*TJNQ.KY2N.JCIZNCETIO0iO
3) DE H0o90
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#49'1DErlilo
so CONTIftC.: DETL120

IF INQ.EQ.NQII RF'TURN 0ET1130
ANI-ANJftg) DETlt P40
8N1-8N1#40, 0ET1150
CNI~tceiNQ) DET1p160
CNI-ON(NQI DETLI.70
-ENImEN(tNg) OE!1180zrj-xritkg) OET1190
AXImAKINQ) DET1.200
adI-Rc (IQ) DET12 10
XoI-Aofko) DET1220
ftSYmQP'I BET 1230
NOANg DET 1240
RETURN 0ETL250
END PET1260-
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$IBFTC ITER
SUBROUTINE ITER (AtB.XOYO*XONvYDNvEZ*E~fX1,Y1) ItE 10

CITE 20
C **.**.*c*.*.*.********.*.e**.~** IT[ 30

c ITE 40
C ITER FINDS T14E I 4ERSECTION OF ! 4E LiRE AND0 itf CONTOUR SURFACE ITE 50
C By AN ITERA-TIVE SCIIEmE. ITE 60
C ITE 70
c .e...e..e*a,* ***.**e.e.sta***seo I TE 80
C Ili 90

COPIION /FUNXI PI,P2tP3t,4C29C3.C4,C5,CC ITE t00
CATA ERR0R/.0000 1/ lye 110

C 17E 120
S NOTE 'THAT ERROR IS HERE INTERNAL TO THE SUBROUTINE AND NOT THE ITE 130
C GENERAL ERROR OF THE MAIN PROGRAM ITE 140
c ITE 150

SwTONI xON ITE 160
C HTE 170
C USE TANGENTS AS A FIRST ESTIMATE FORt THE Sf)1UTION ITE 180
C ITE 190
C ITERATE ON EITHER X OR Y HTE 200
C ITE 21c

IF (S.LT.BIA) GO TO 30 ITE 220
C1=Y0-S*X0 ITE 230
C6=CC*S ITE 240
lC7-5tp1 ITE 250

C8-C6*P2*S ITE 260
C17t 270

C ITERATION CN X ITf 280
CITE 290

Y2mt (C4-C2*X0'eEZJ/C3)*1t1./EY) ITE 300
S2=-(C5*XD'*Plb' (CC*Y2*-*P2) ITF 310
X- (YO-Y2*X0'(S2-S) II(S2-S) ITE 320
00 10 MW1f25 I TE 330

YLzS*X4CI ITE 340
FX C2*X**EL4C3*YLO*E Y-C4 ITF 350
UFXuC5*X**Pl1*C6*YL**P2 1TF 360
XNOWX-FX/OFX ATE 310~
01 FFOA8S IXNO$-X)IJC ITE 380
X.Xhow ITF 390
IF (I)IFF-LT.ERROR) GO TO 20 ITF 400

10 CONTINUE IrE 410
CALL ERRORS 116) ITF 420)

20 X1WX ITE 430
Y1AS*X 14C1 ITE 440
GO TO 60 ITE 450

C HEF 460
C ITERATION ON Y ITt 470
C 1fF 480
30 X4w((C4-C3*YG**EY)IC2)*%)(1.IEL) ITt 490

S1l-(IC51OX4**P1)/ tCC*YOO*P2) ITE 500
X-(SI*X4-SOX0)I( SI-SI ITE 510
Y-YD+*(X-X0 I HTE 520
ClwXO-YO/s ITE 530
C5wEZ*C2i'S Ir IC 40
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C6=CC
C7=C5*plIS 

ITE 55s0C8nC6*P2 IrE 55000 40 MI,2s 
(TFn 570XL=Y/S~r i ITE 580FYnC2*XLO*EZ*C3*Y**E Y-C ITE 590DFYmC5*XL**P1 $C6*Y**P2 ITE 600YNOW=Y-FYIDFY 
IE 620OIFFmABS VNOW-V)/y 
ITE 610*YmYNOW 
IE 630

IF (DIFF.LT.ERROR) GO To So IrE 640440 CONTINUE 
ITE 660CALL ERRORS (16) 
ITE 67050 YIuY 
ITE60Xlayl/SC1 T 860 RETURN 
ITE 690

END T 0
IE 710-
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SISFTC NSOLV
SUBROUTINE NSOLV IA,8,X0,YOXONYDNEXEYtXlYtNSOLZNSOLyOAOX,ONSO 10
18DX9GLEXDX9OEYDX) NSO 20

C NSO 30
C NSO~5 40

c NSO 50
C USED TO SOLVE DIRECTLY FOR rHE INTERSECTION WITH THE CONTOUR WHEN NSO 60
C THE SUPER-ELLIPTICAL. CXPONENTS ARE 2.0 AND TO COMPUTE THE NORMAL$ NSO 70
c NSO 80
C ****e** ****8***.e*e.*.4,e.*.*s,* NSO 90
C NSO 100

LOGICAL XSIGNtYS ION NSO 110
COMMON /SGNI XSIGN#YSIGN NSO 120
C0O?40N /NSLV/ XNORM#YNORM91N0RM S10
DATA OELL/.00000001/ NSO 140
Nal NSO 150
T121. NSO 160
12st. NSO 170
IF IXO.LEeDELL) GO TO 180 S18
IF IYO*LEoDELL) GO TO 160 NSO 190
IF IXON.LE.OELL) GO TO 170 NSO 200
IF IYDN*LEeDELL) GO TO 150 NSO 210f
GO TO (10920)t NSOLZ NSO 220

to GO TO (190,2), NSOLY NSO 230
20 CALL ITER (A#BXO*YOtXONYDN#EX*EY#XlvYt) NSCI 240
30 CONTINUE NSO 250

IF (XSIGN) GO TO 40 NSO 260
GO YO 50 NSO 270

CNSO 280
Soo Xlu-X1 NSO 290

Aw-A NSO 300
OADX-OX NSO 310

so IF (YSIGN) GO TO 60 NSO 320
Go to 70 NSO 330

C NSO 340
60 YI=-YI NSO 350

em-B, NSO 360
D8OXm-OBOX NSO 370

70 XIA=XI/A tdSO 380
V iBmY 1 8 NSO 390
GO TO (80,90#100)t N NSO 400

80 X2AwXIA NSO 410
Y2BwYl8 NSO 420
GO TO 110 NSO 430

C NSO 440
90 X2A~1. NSO 450

T1-0. NSO 460
Y26a1. NSO 470
GO TO 110 NSO 480

C NSO 490
100 Y2but. NSO 500

T2=0. NSn 510
X201.I NSO 520

C NSO 530
C CALCULATE NORMALS TO SURFACE NSO 540

1 32



CNSO 660
ltO CONTINUE INSO 560

XNR-l(I*E)(-XA*AXAO(Z)DXX#2(IOEI(-S 570

1EV/B) *D6DX#ALOG( YZ6) *DEYOX) NSO 580
YNORi4aEY*(IYlB)*#(EY-1. )/8 NSC -'
ZNORN=FX#((X1A)**(EX-i. ))/A N50 600

C NSO 610
C NORM4ALIZE DIRECTION RATIOS NSO 620

C NSO b30
UaSQRT (XNORM*t2,YN0R1OA' ZNORN$*23 NSO 640
XNGRMa XNORP/ 0 NsO) 650
YNURfo=YNOR94/0 NS(J 660
ZNURN3ZNURI4/O NSC 670
IF IXSIGN) GO TO 120 tNSO 680
GO TO 130 Nsc 690

C hSc 100
120 A-A NSC 710

OAOXz-OAOX INsu 7?0
130 IF (YSIGN) GO TO 140 NSO 130

GO TO 200 NSO 740
C NS() 150
140 e-B NSC) 760

OOOXz-050X N50 110

GO TO 200 Nsc 780
C NqSo 790

C CASES FOR WHICH EITHER XON OR YON ARE ZERO N50J 800

150 Y1I'0 NSO 820
X1SA*I 1.-IYL/B)**EYJ*I1./Ex) NSO 830
GO TO 30 NSO 840

C NSO 850
160 Y10O. NSO 860

NA NSO 80

GO TO 30 Nsl) 890
C NSO 900
170 xIaXO NSO 910

V1=B*I 1.-(XIAI**EX)**I 1./EY) NSO 920
GO TO 30 NSO 930

C NSO 940
0~0 X1S0. NSO 950

VI .aB NSO 960
NAZ NSO 910
GO TO 30 NS(D 980

c hSo 990
C SOLVE DIRECTLY FOR POINTS WHEN EYvEZwZ NS0IOOO
C NslI 10 1
190 S=YDN/XDN NSOL020

AG*(A*S)0*2.8**2 NS01030
BG=IA**2)*Z.*S#I VO-XO*S 3 NSOL040
CG=IAO*2)*( IYO-S*XC)**2-8**2) NS01050
XLm(-BG#SQRTIBG**2-4.*AG*CG) 3/I2.*AG) NS(J1080
YiuVOtSo(XI-XO) NS01070

GO TO 30 NSCJ1080
C NSaoi9o
200 RETURN NS01IOO

END NSO1I 10-
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SURUIEREFLCT 4K) REF 10

C REF 20

CREF 40
C CONTROLS LOGIC OF REFLgCTING POINJTS ANPJ4b~0PE91ES WT RESPECT WO REF 50
C CO4.*1ES OF SYMM4ETRY REF 60
c AEF 70
C *eseoeeese*es*as REF 80
C REF 90

CQPHON /CNTRL/ PRINT1.PRIP5TZ*E ROMeIVSTVI'.CLASSNPeNTleojetL.LLvREF too
2fNSTART,0ELX.OOELXKK#X4 ',XNAX,N0 REF 110
INTEGER PAINTIPAINTl REF 120
GO TO 4lO,00 ~ ICLASS REF 130

t0 f4P1UMP-1 REF 140
DO 20 Ia1,NP REF ISO

CALL REFKY IKINPI) REF 160
20 CALL. REFKS IK.II1iY REF 170

CALL REFKS IKINPIONP412 REF 180
CALL REFXY CK.NP~ttNPI) REF 190
CALL REFAY (Kv1.NP-2) REF 200
CALL REFXS (KvI93) REF 210
RETURNJ REF 220

30 NPZaNPe2 REF 230
00 40 I,1p REF 240

CALL REFKY lKolariP-1.1 REF 250

40 CALL RfFXY IKOt.NP-21 REF 260I
00 50 IUl.NP2 REF 270

CALL REFKZ iKsNP-191) REF 280
so CALL REFKZ tKoNP-2pl) REF 290I

RETIJQN REF 300
60 RPZmNP*2 REF 310

00 10 1u12 NT UP! 320
CALL RIFKY 4K9I.NP-11 ftEf t~oI

10 CALL REFRY IR.INP-21 AfF 340
AETURN REF 350
END REF 360-
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6I8FTC AEFKY
SUBROUTINE REFKY IK@IeJ) REY t0

c REY 20
C REY 30
C REY 40
C PERFORMS REFLECTION OF POWNS AND PqOPERIZES WITH RESPECT TO REY 50
C PLANES OF SYMMETRY REY 60
C REY 70
C * e..*e8..*o.e**.*.0teo*.e.fes.. REY so
C REY 90

COPNrJN /SGLUTNd/ YI2ol9p191,Z42.19vi9I.U;(2,19,1'1#VI2,919I1b(2,iqREY 100
1,19).p!2.19,19),PTt19,i9),H(19.19),RCLASS119,l19 REY 110
COPRON ICNTRL/ PRINT1,iPRINT2,ERRORzIVSTVPICLASS.NPNYT.IIJJ.tLLLY 120
INSFART@OE",OODELX.KKX( zOXNAX.ON REY 130

COPMON /PLANES/ UPSN1N£NitX.42N2REY !40
COI'NON /IVS/ KSNIS~~ZOCXVtCVZISPI~P4CVTEIE 150
IV.PrCIVSHCIVSRIVSFIVSTH4ETIVPS12yPTIVSHIVStXPSORCPyPSCIRC.LPSREY 160
20RC. ALPSRCq0IETSRC REY 170
REAL NXINY1.NZ1.NX2vNY&'yNl2 REY too

C REY 190
t: REFLECT AT Y-9 PLANES OF SVI4NETRY REY 200

REY 210
JZcZ*NP-J REY 220
YIK*I ,JZJ=YIK#1.JI REY 230
Z(K0 ,jz)z-ZlvI ,J)#22O*zliVs REV 240
U(K*I*JZI*U(K#I*J) REY 250
VfKq~vJ2)xVfK,1.J) REV 260
WIK#ItJ2)x-Wfgtf# J) REY 270
P(K*I.J2)=PIK#ItJ) REY 280
RETURN~ REV 290

CREV 300
C REFLECT AT I-.X PLANES OF SYMETRYV REV 310
C REY 370

ENTRY REFKZfRIfJ) REY 330
C REV 340

12c-2*NP- I REV 350
YlKv12#J-~-(KvI#.J?+*0*YCIVS REV 360
ZfKt12pJ)wZ(Kvlj) REV 310
tUKfk2qj)=UIR.1gj1 REV 380
V(XoI2tJ)--V(K#! ,.) REV 390
WfR.12,J!mW(KItj) REV 400

Pi~v29J PfK#tj)REY 410
kETURN REV 420

C REV 430
C REFLECT NlYui RESPECT TO 4N ARBITRARlILY LOCATED PLANE OF SYPPETRY REY 440
C R:E 450

ENTRY REFKSfKt1,Ji REV 460
C REV 470
C CALCULATE PACJECTION OF THE RADIUS VECTOR ON THE NORMAL REV 480

CREV 490
DOIYIKIJI-YC1VS)ONVY24'IZIK,,J )-ZC£YS)ONZ2 REY S0o
YfRJi ~wYKI.J 1-2,0O*NV2 REV S10
ZfK#J. I)l(K*ItJ J-2*0'D*NZ2 REV 520
u(ft#J, )*ufx#IJJ REVY 530
VIJ ,tI.)ViKt,J*1.-2*0eNZ2-2..uIK#I.jJ.NV20NZz REV 540
N(Kjt,1w(Kxloj)It.0-.*Z2**2--2O$VKIftai*YZNZ2 REY 550
F(K#JtsI)wIK, 5.4) REV 560
RETUJRN REY 570
END REY 5o0-
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SISFrC SPLINE
SUBROUTINE SPLINE 1.'N0T.XK#VALUE#COEF1 5iPL to

c SP. 20
C eeeeoe..eee..,e....eeet......e SPA. 30
c SPI. 40
C GIVEN TI4E OROS VALUE(I,1 Ar KNOTS XXIE) AND SLOOCS VALUEEI,21 At SP. 60
C, WJE FIRST AND0 LAST KNOTS# THIS SUBKM FINDS TME CUBIC SPLINE U141CH SPL 60 .
C INTEaPOLATES AT miE KNaTS W.R.T. AOVE VALUES* THE INTERP. IS IN4 THESP. 70
C SENSE THAT SLOPE VALUES JF THE SPLINE ARE COMPLIED AT EACH OF THE SPL 90
C GIVEN KNOTS7. SP. 90

C e~~@@*e*****8*O****~e#~o*e*e** SPA. 100
C SPL 120

DIMENSION 0130), o[4G130)o VALUE(3C#21# XK(3C), COEFf4v30) spt. 130
KHMI&KNOT-1 SP. 140
KN"i2&KWOT-2 sF1. 1S0
CO 20 maItexhMI SP. 160

OfM~sXKfM.1)-XK(N4) SPL 170j
10 cZAG(M41sIVALLJE(N*1.l)-VALUEfN.1JjIC(m) SPL 160

00 20 Ms2vKNMI P 19
VALUE(N.Z)-3.eI0LN-l)*0tAGfH).O)04MOIG(I))1 SP. 100

20 CIAGffl-1)2.*I0IN)*O(N-1)) SPA. Z1O
VALUE(2Zl3jVALUE42,23-DE2)bVALUEI1,2) SPA. 220

IF IKNOT.EQ.31 GDO TO 40 SP. 2401

CO 30 Ps2#KfdM2 $PL 250
Ga-0(H1 fItDAG(fl-I) SPL 280
LIAGI9IEOIAGIM)#G$D( N-Il SPA. 270

io VALUE IV*I,2ImVALUCI 21 3GVALW 116p7) SPA. 280
40 VALUEEKNM1,2)=VALUEIKN41,2l/0IAGEKNN2) SP. 290

IF INOT.G.31GO T 60SP 301
CO 50 PS2*MNM2 SP. 310

NJAKI-P SP. 320

s0 VALUEINJ.2)stVALUENJZ)-ENJ-)*VALUEN q~t.1.2J/)IAGi9~J-j SPA. iII
80 CONTINUE SU'L 340I

CU 70 102*KNOT SP. 350
DXGXKII)-AKtI-Ij SP. 360
COtFI.I)=V'.UE(I-1, 1) SP. 570
COEFIZ#tIuwVALUEtII.2J SP. 380
COEF(3.I).IVALUEII.1J-COEF(I.I)/DX SP. 390
COEFI4,I).COEF12,I).VALUEII,2)-2.@COFFI3.J) SP. 400
COEFI3,I)siCQ3EF(3,i)-C0EFA4ll-CIFFI2,11l,0-C SP. 410

RETURN SPL 4301
Elio SP. f#40-1
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S1011C MACHP
SUBRlOUTINE PACHP (PtPTtH#P.Qj M6AC 10

C PAC 20
e...ec,.e.o*e~.sese.ese.es~..* PAC 30

C MAC 4.0
C ITHE PRESSURE AND VELOCITY ARE FOUND FOR A SPECIFIED MACHI V, USING PAC 50
C ARVS51 BY T94F tiEVTON RAPHSON ITERATION SCHEME PAC 60

C MAC 70

C MAC 90
REAL M~t11.A2 PLC 100
goo VAC 110

P1-r*~.0..1'~*2a.Ib~e 1.-0..'M.2)MAC 120
P2- 1e.99MAC 130

CALL AROSBI (PtoPT#H#At.ROtQS) PAC 140
PISGRI(SI/A MAC 150
CALL AROS8! (P2,PTtHA.IW.QSl PAC 160
P2uSGRT(0SIIA MAC 170
00 30 NmI#50 PAC 180

PwP2.iM-M2)*( P2-PII(M2-MIJ P AC 190
IF (P3 10.10.20 MAC 200

t0 POP240.9 MAC 210
20 CALL ARGaSB1 (PPT.H*AvROqOS) MAC 2?0

KstK*t PAC 230
P1mPZ PAC 240
MINN2 PAC 250
P26P PAC 260
NMuSCAT(UO.A PAC 270
If IA8S(IP-P1)/P21.LT.1.OE-O1) GO T0 40 PAC 280

30 CONTINUE MAC 2e90
C PAC 300
C FAILED TO CONVERGE IN 50 ITERATIONS PAC 310
C PAC 320

CALL ERRORS (3) PAC 330
49 CSQRTQS)MAC 340

RETURN PAC 350
END MAC 360-
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SIBFIC SOURCE
SUBROUTINeE SOURCE CROV# oil PT1 #PRESS.0 SA I1o0i

C soLD 20
C 0*0eeee0*0*.eeee.*eee~ee*eeeoe SOUD 3D
C S OI 40
C THlE PROPERTIES Of A SPICAL SOURCE ARE CALCULATED FOR T14E PASS SooD 50
C FLUX PARAMETEA ROW £A40 THE REFERENCE CONDITION4 8Y THE NWTON- SOD 1,0
C RAPsiSOte ITERATIONt SCHEME SOD 70
C SOD 60
C e~***~~e.eee e.ee....eaee...... SO 90
C SOUD 100

COPMON lARGI/ GAMMA.RGAS.GAM1.GAM2tGAM3.DAM4.GAN5.PTA8(3Oj.£CCl4.3sou 110
1O).RtOCOi4.30I.TCOC4.3D)05QSCO4.301.tEFOE#.NTHEdti*lPSOURC SOULD 20
PIOPSOURC, SOD 130
PZPI 00.99 SOUD 140
CO 60 haI.50 SOD ISO

CALL AROSBI 1PI*PTIeH1.£.ROl#QSlJ SODU 180
CALL AkOSGI tPZ.PTI,,H1.A*R02#Q52) SOuD ITC
ROVIOROI*SQRT 1Q511 sOL 180
ROV2sROZ*SGRT 1Q52) SOD 190
DELPUIROV-ROV)/tt'# I-R0V21*IPI-P2I SOD 200
IF WAS(DELPIP21-0*21 10.10.20 SOD 210

10 IF 1AGS1OELP1P2).Lr.L.OE-O1) GO TO TO SOUD 220
GO t0 so SOD 230

C SOD 240
20 PIOP2 SOWJ 250

IF (DELP) 30930a4O SOUD 260
s0 PZ.P2*0.9 SOLD 270

G0 t0 60 SOLD 280
C SOLD 290
40 P2oP2*t1I SEWD 300

GO TO 80 SaL) 310
4- SOUD 320
so PI-pP2 SOUD 330

P2uP2*DELF SOD 340
60 CONTNUE SOD 350
C SOLD 360
C FAILED TO CCNVERGE IN 25 ITERATIONS SOD 370

CSOD 380
IWRIE 16.80) PI,P2tROV*RO)VKROV2*PSGLSRC SOLD 390~
CALL ERRORS M5 SOUD 400

'0 CzSQRT(QS2J SOUD 410
PRESS*P2 SOD 420
PSGURCm92 SOU 430
RETURN SOUD 440

C SOD 450
C SOLD 460
s0 FORMAT £1H0.6E15.?I SOLD 470

END SOUD 480-
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ga-amm

WEFYC IIOVALS
SUBROTINE £JYALS 11#41 INVW 10

C INVW 20

C INVW 40
C CALCULATES InITIAL SURFACE PROPERTIES At Yhf POINT! (1,J). FOUR ItiY 50
C OPTIONS ARE AVAILABLE AND ARE SELECTED BY THE PARAXETER JYSTYP aHtICI4INV 60
C CAN HAVE THE VALUES It 2. 3 OR 4 CORRESPCNOENG TO INVW 10
C I - UNIFORM ftOHENTROPIM FLOW AT THE VALUSES SPECIFIED .4 THE It~ 80 s
C THE CENTER POINT OF THlE INITIAL VALUE SURFACE IN1V 90
C 2 - HOMENTROPIC SOURCE FLOWE SPECIFIED BY THE REFERENCE Polka' INV 100
C PROPERTIES At THE CENTER PUNlT OF [lHE INITIAL VALUE SURFACE 111W I10
C 3 - AKISYMPETRIC NORHOMENTROPIC FtOCi SPECIFIED OV TABULAR IfiPUt INVW 120
C 4 - LINKAGE TO A USER SUPPLiED SUDROUTIPE CALLED IVSUBII.j INVW 130
C INVW 140

C 1111 160
COD'MON /SOLUTN/ Yg2.19,99.lI2.i9.19JLI2.19.191.vI2tisos2,19.1J~21ZNV 170
1.191,P12.19.19).PTIlg.191.H119.19).%LASSII9.19) IN(V 180
COVM4N AR.O/ G A.4ARGAS.GAI.IGAN2.GAM3.GAIGAi4S.PTAa(30).ACO(4311W 190
to) R.0COf4*3O J*TCO(4, 30) *OSCO(4, 30) #NFUE*.NTHERN# it fIPSOURC INVW 200

C INVW 210
COMMON /CNTRL/ PRINT 1.PRf11T2.ER~o*R.1Y5IvP.ICLASS.NP.NfT.II tJJ.LPLL*It 220
lIUSTAJIT.DELX.OOELX,KK.X( 2).XNAX.40 I NW 230
COIIION /CCNST/ P1.DRAO*B[U.6.8[UOG IftV 240
COPMON /IVS/ XSORC.YS0~C.zsoRC.xIWSYC1VSzclys.HCIvs.pHitcIvtfllECIINW Z50
lV.PTCIvS*e.CIVsRIVSMIWS.THErIv.PIIV.PTIVsIVS#XPSRC~'PSCRc.LpsI'v 260
2CRC*ALPSRC.BETSRC INVW 270
COPMON /PLANES/ NPOS.11E1IEfYtvNZl#NXZ12.122 INVW 280
COPMON /WASSO YAXIS.LAXIS,XtI4J.RTI4j.RtCI4).tl4ETAII4J.XEI4).RZI4)INV 290
1,THETAEg41.NSTMMY.XY1I4).EXPYI*).XY2I4)(EXPV2(4J.OE0ZY2I4J.EXPY3IJNV 300
24),111tI.JEXP11C4).rt24.EXPZ2(4)OE~s12I4)1 EXPZ3(4).XY3144iXI3I444V 310
3) IN~V 320

CIMENSiOJ RIVS13O). MIVSI30). THETIV(3C). PTIVS(3O*2j. HIVSI3O,219INv 330
I PSIIV(30) 1INV 340
DIkENSION UXEYSI 30.2). UltIVSI3O,21s P1VS130#21t UYL014e3a). tJRCOI4IuW 150
1#30). PCOI4*3OJ* MC044#30i. PTC014#30)t VTCOI4vS0). UTIVS(30#21 1INV 360
REAL MCIYS.NIVS*tNXI.1Yl1N1X2,Nv2.N12sNX#t. 104V il0
IUTEGEII PRINT1.PAI11r; INV 380
GO TO tI1020.3O#70). iVSTYP IN1V 390

C 111V 400
C LMIFORM HCMENfROPIC FLOW INVW 410
C I NV 420
10 Vile 1JIlj 3NY 430

Vf1ieljloWI INV 440
hI 1.1 .J)sW1 INV 450
plI.JjwPI $NY 460
v Ia I MIwC IVS I NV 470
Pv(IJ)tPCIvS INV 4150
Go t0 so INV 490

C INV 500
C NOPENTROPIC SOURCE FLOW INV 510
C INV 520
20 3l9a(x!vs-ESol0**IYI 1,I.JI-YSOSCIC,02.tl(1.I.J-ZSORC)**2 INV 530

RO#.SOURF/RSQ INV t)40
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CALt SOURCE faOvM*CIVSPTCIWS9P(1.1.41.gj INV 5O0
OPMUT(tSQ) INV i>60
uIII jjmQ*4XjVS-xS0RC)/RP INV 570
VII.1.J)uQ*fYIl. 1.J)-YSORC~iRP 1kiv Sao
bt I.*5 I e*4i1 1* J)ZSDRC)/§P INV 590
4V 5.4)'NCIVS INV 600
FTiI.JJPTCIVS INV 610
-CO TO 80 INV 620

C. INV 830
C AX1SYMMEURIC 14OPJEtTROPIC FLOW INV 640
C. INV 650
C CALCUIAJE RADIUS FRDM AXIS INV 660
C I1%V 670
30 UPIOTt1l1J-C1Sf21tlIJ-CvS'v 5 680

00 40 xis12gljfYPTS INV 690
K"91k I 1M00o

cam RPI- I VSfKt 1) INV 710
If IOXI S0.50.40 IN4V ?20

40 CONTINUE INV 130
C I1Nv 140
c TEST' TO SEE If R~ANGE OF TABULAR DATA KAS OEW EXCEEDED INV 750
C low 760

If 1ASSiRI.LE.l.OE-05) GO TO 50 iny 770
CALL ERRORS (6J 15? 780

c 1MY 7 90
C USE CUBIC SPLINE COEFS. 10 ItITERP. fOR PROPERTIES I5 800go
C INV 810
so APSRPI-XIVSE-l) Islv 820

U I 19 S J-UXCOIK )UC312* JRP UCO3 A )SRP#211MC03*40c*eaP** IS fl 30
Pit lIJS=FCGt1.K).PCO12.K)ORP.PC013.KJ.aPe*2.PCOg*.40aieAO3 tow 840
ff II *J IPC0 I A )PTCOI 2K RPPCO 3*XJ*tPZ*lC14*X ).ftPeO3 toy di$
hi 4 JuNO0 I I HCOf 2#9 IRP*44CO( 3*9 i*RP**2#.4CO14vK)8RP**3 Ik MV 60
fF (RP.lAE.I*9E-07) GO TO 60 INVY 870
1101tUACOI I.A i4URCO4 2#KJ*RP-IJtC0I 3sf i*9P**2IJC014*KitP**3 INV go0
UT-UTCORA)~ *UTC012*K w*AP#UTC013. 3A *P*2UTCOI4,KJ SP$*03 INv 890
V(IlJj-1ulflC1V Z.EJ)-YC1vsi-UTO'1t1.I.J1-LCIVSIJi/PI I1Mv 900
b lI 0jim(ORl*1 Z ( It Ij I-c VS I U. i I s I ej -K VS) /tpl INV 910
Go to 80 1 fV 920

C INV 930
60 vf1.IJis0.o INV 940

Sl.1.J)0o.0 INV 950
Go To So Iftv 960

c INV 970
C USES SUPPLIED INITIAL. VALUE SUOROUT EWE I lV 9800

c INV 990
to £112 IftyIODO

CALL MlSlJ filli.Ji) ISIV1020
80 BETURN 151V1030

ENTRY ItEVALZ ISVW40O
C 151(050
C INITIALIZE SUBRlOUT INE IN-VALS AND PRINT OUT APPROPRIATE PARtAkETERS 1#191060
C T14ESE LINTTS WILL USPEUSON TH4E 01WEI4SIONS OF COX",3 iSo-LuT/ AP INV1070
C IXXGLTI 1511080
c 15*1090

If (ftPOS.LE.l.aN0.%P.G7.I0) NP-1o INVZ100
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IF (NPOS.GT.1.ANO.NP.GT.I7J hPal, INvlIIO
thT-2*NP-1 14VUI20
WRITE (60200) I NVI1130
WRITE (6.210) INVII40

C 1NV1150
C ItITIALIZE WHNICHEVER OPTION It 2. 3 Oft 4 IS SELECTED I NVIltbo
C 1t4V11 70

GO To t90*.10.110v1602 IVSTYP ItIyL180
c INVII90
C UNIFORP HOME#7P.OPIC FLOW .1ttv1200
C ItaV.1210
90 IF 01CIVS.L.E.1.OJ GO T3 180 INVI220

b£RlTt £6,220) XIVS.MCIUS.TN4ECIV.PHICIy.PTCIVS.HtCIVS JtNVI230
PTCIVS&PTCIVS*144.0 I NVI240
#lCIVS.I4CIVS*5TU0G I NV 12tp
CALL VIACHP (04CIVS*PTCib'S*RC1VS*Pl.O) I Nvl260
THECI VaTHECI V*DAAD 1tIM1270
FNJCI V=PbIC1Y*DRAD 1uV128i0
t;IwQ0C0S (PHIC~v )*COSlTHECIVJ INVI29I0
V1-Q*COS(PNICIv)*SIN (TIIECIVI INVl300
bhlQ*SIft(PHICIY) I NV1310
1(1)O'1IVS £ HVI370
GO TO 170 INVI330

C I eay13 40
C SPHERtICAL. MNEtROPIC SOJRCE IrNV1350
C 114VI1360
100 YSORCxYAXIS I NVI370

ISORt.=ZAXIS 11ti13ftO
XIVS=xT(1),RC(1J *SItE(ALPSRC*ORAOI I NY1390
x(1J-XIVS I NV1400
ESORCuXIVS-(RT(1)*#RCf1)e£1.O-COSI&LPSRCgRAIJI/TAJ(ALPS'tCsOtAO) INV1410
If (NCIVS.LE.1.0) GO T3 180 1NyV14?n
WRITE 16#2301 ALPS-RC.XSORC.YS0RC#lS0RCXIVSVCIyS4ZCIVS.HCIVS.PTC1INV1430

RVS*+lCIVs I NV1440
PTCIVS'-PTCIVS*144.0 1NYVI450
1CIVS=HCIVSSBTUOG [Nlv 1460
dSOw(XIVS-XSOgC)*.2 I NV1470
RPOSORT IRSQ) I NVI480
CALL MACHP (UCIVS.PTCIU/S.HCJVSPCIVSQSII INVI490
CALL ARGS131 IPLIVS.PICIVS.NCIVS.ACIVSROCIVS.ODSIVSJ 1.4v1500
SOUiaF-RS0QitOCIVSOSQaI£(2siVS INVIb 10
PSoURC'PCIvS I NVI'20
GO TO 170 INV15;0

c IrNVIS40
C TABULAR AXISYNP*TRIC NONHN $ ?-OPIC FLOW 1NV1550
C I AN 1!)60
110 YP-1.O+VAXIS INVI570

ZPmZAXES INVIII-0
WRITE 16*2401 IN~VI590
okxao~o I tV1&00

w~wI.OINV1C0.10
NE10.0 I NVI620
Z(I)AXIVS IN~VI630

c I NYI640
C FID RADIUS OF CONTOURIAUST BE AXISYffMETRIC) 1NV1650
C 1ANV1660
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CALL WALSUB (XIVSYP*ZPvNXrNYNL) INV1670
00 140 K=1.30 I NVIbI0

NI VPTS*K INVlbq0
WRITE t6#260) RIVSIKI.NIVS(KJ.WtETIVK)PSIIV(K),PTVSK,1I~tIIVINVI700

I 5(KqI) INVI7 10
PT I VSIK1 I) %PlVs(K.1 .144.0 I NVIT20
HiVSIKl1)-HIVS(K, I)*BTUOC INYIT30

C INV1740
C MACH NUMBER CN I.V.S. MUST BE EVERY*'ERE GREATER THAN ONE 1NV1750

IF (MIVSfh<3.LEI.0J GO TO 100 INVI770
CALL MACHP (MIVS(KJPTIVS(K,13,HIVSIK,1).PIVs{K.1I),QI INV1780

C INVII90
C CANNOT HAVE PL- ES OF SYMMETRY IF ANY PSI IS GREATER 7+!AN ZERO INVIDOO
C I NVIB 10

I (PSIIVtKI. GT.0.O.AND.NPOS.GT.O) GO TO 190 INVI820
PSIIV(KJ=PSIIVI (IeD~AD INVIB30
7HETIV f(K)-THET lViK )*ORAD INVIO40
uXivS(K,1)=Q*CDS(THETJV(KI).COS(PSIIV(K)) INVisso
UT IYSEK, 1 )=*COSIThET1V(KJ )*SIN(PSI IVIKII INtVkb6O
URIVSfK.I 3n0*SIN(tIFTIV(K)) INVIB-to
IF (RIVS(K)-YP) 120,150,120 iv1ie

12o IF (A8S(RIVS(K)-YPh.LE.0.O0I) G, 7O 150 INVIO90
IF (4IVS(K)-YP) 1409150,130 IN90

C INV191O
C WARNING IF LAST POINT OF TABULAR VALUES IS NOT ON 41ALL INVI920
C I tV 1930
130 CALL ERRORS 17)J I NVI940

GO T0 150 I NVI950
C INV1960
140o CONTINUE I NVI970
C INV1980
C EST1MATE DERIVATIVES AT ENDS Of CURVES BY FINITE DIFFERENCE APPROX. INVI990
C I NVZOOP1
150 VXIVSII.210O.0 1MV2010

Ur-VI )iO.o I NVZ020
URIVSI 1.23=0.0 1INV2030
PZVS(1 ,2)sCO.D I NV2040
PTIVS C1,2)=O.0 INV2050
*~IVS( 1,21s0.. I NV2060
CELR=RIVSfNIVPTS)-RIVSI NIVPTS-1J INV2070
UXIVSINIVPTS,23=(UXIVS(NIVPT5,1)-UXIVS1NlyVPTS--1,1JI/DELR INV2080
UfIVS(NIVPTS.2I=IUTIVS(IIVPTS,1)-U7iVS(NIVPTS-l,1))/DELR INV209G
URIVSIVPTS.921z(URIVS( NIVPTS,1 l-URIVS(NJVPIS-1.1I)/OELR ItIV2iOO
PIVS(NIVPTS.21=(IlVS(NJVPTS,13-PIVS(NIVPTSr-1,1) )IOELR INV2110
PTIVS(NIVPTS,2).(PTIVS(NIVPTS.1)-P71VSINIVPTS-1.1JDELMK INV2120
H IV,' I VPTS1 2)1=(#IVS(NIVPTS.1I)-HIVS(N IVPTS-44*91) )DELR INV2130
CALL SPLINE fNIVPTS*RIVSUXIVSUXCOJ I NV214G
CALL SPLINE (NIVPTSiRIVSUI~VS#uTCOJ IN215O
CALL SPLINE (NIVPTS*RIU/S*URIVStUfRZOI INV2160
CALL SPLINE (NEVPTSRWVStPIVS,PCL) INV2170
CALL SPLINE (NIVPTSv#WIVS*PTIVS#PtCOJ I ueV21 8
CALL SPLINE (NIVPTS,RIVS*HZVS-,HCOJ INV2190
CO TO 170 lttvzzo0

C INV22 10
160 bRIIE (69250) INVZZ20

CALL IVSB2 INV2Z230

142



X( lXIVSINV?240
170 06TURN INV?250
C I NVZ260
C fRR')R RETURN IF A ?nACH NOD. LESS THAN ONE is FOLNE, 1MV2?0
C, INV2280
180 CALL ERRS (81 1 NY2290

c INV2300
C, ERROR RETURN FOR INCOMPATIBLE DATA INV2310
c INV2320
190 CALL ERRORS (91 IUTV23 30

RET URN INV2340
c I NV2350

C INV2360
Z00 FORMAT IIHO) INV2370
210 FORMAT (IHO.5Xt281ITYPE OF INITIAL DATA SURFACO ~ INV23EI0
Z20 FGRNAT (IHD~l0X,85HrHE FOLLOWING YALUES ARE CONSTANT OVER THZ ENTlINY2390

IRE INITIAL nATA SURFACE LOCATED AT X vp9Ajs lIN)/lHOIOXp3H' z#1NV2400
2F9.4.4XCTHTHETA =,0l.2c l~vH(DE.3, 4).5IPHI if7-2,IXt5H(OEGl ,4X,4HiNV241OI
3P( =vF9.2vlXt1lH(LFII**21,4Xv3iH =,FlO.:,1Xt9H(8TU/LBN)' iNVi!42O

230 FOlUlAT (1e1x,.X115iiSDURCE FLOW IS USED TO ESTABLISH THE INITIAL V1NV21430
1ALiJES* THE SOURCE ANGLE IS SPECIFIED AND THE SOURCE POIN7 IS LCCAINV2440
2TE0/LHOrIOXtIIOHON Tj-E NOMZE AXIS SUCH THAT THE INITIAL FIC% iS 7INVI450
3ANGENT TO THE NOZZLE WALL. THE PaOPERTIES OF THE SOURCE ARE/1HO?;IfjVZ460
40X#95HESTAOL [SHED BY SPECIFICi.TION OF THE PROPERTIES AT THF AXIAL INV2470
SPOINT OF THE INITIAL VALUE SURFACE,/lHCt1CXol2HSOURCE POINTI1HO.IOINVZ460
6X#14HSOURCE ANGLE '~F~~ (DEGI,7Xo3HAi -vFI0-%,5H (INI,2X,3HY =INV249(i
.vF1O.4v,4H IIN),ZX,3H1 -,FLO.4t5H IIN),/lHOIOXo-&5HREFERENCE PCINT/INV2.OD
81110,1DXt3HX 4vF10.4vSH fIN),Z)X.3Y atFIC.4v5H 11E41,2Xr3HZ =,F1O.49INVI1
95H1 !UNIHO, lOX, 3HM sFlC.4t4X,SHPI =,FlC.2,IIH(LBF/IN**21 ,2X,31.H If-V25?O
*=tF12. lt9H(BTU/LBM)) INV25,!o

240 FORMAT (1HOtIOX,1OBHTHE INITIAL VALUES ARE AXISYI'METRIC AND ARE SPINV2540
IECIFIEn ey TABULAR INPJT AS FUNCTIONS OF THE RADIAL COOROINATE/1NHWAVZ55O
2vIOX.l0HRADIUS(IN[,2X98HMACH NO.,2X,1OHTHETA(OEGl92Xt8HPSIEG,IXINVZe560
3,13HPTILBM/IN**2),IXelOHH(BTU/L8M1 INV2S510

250 FORMAT (lHOtlOXvlO5HTHE VALUES OF THE DEPENDENT VARIABLES ARk OETEINV258O
IRMINED BY MEANS OF A USER SUPPLIED SUBROLTINE CALLED INVALS) INV2590

260 FORMAT (114 g1DXF9.4,atFc.4,3XF7.3,4XF7.3,4X,Fe.2,1XFa.2, INV2600
END INV261O-
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SIBFIC IVSUB
SUBROUTINE JYSUB lItJ) EVH 10

C Iva 20
C IVB 30
c EV8 490
L THIS SUBROUTINE MAY BE REPLACED BY A USER SUPPLIED SUBROUTINE IN lYB 50
C ORDER TO GENERATE SPECIAL IED TYPES OF INITIAL DAI'A SURFACES Iva 60
C IN THIS PARTICULAR SUBROUTINE THE IVS PROPERTIES ARE CALCULAIEOIV8 70
C BY SUPERIMPOSING THE FLOE FROM TWO HOMENTROPIC SPHERICAL SOURCE Iva 80
C FLOWS -- AN APPROXIMATI'4 FOR~ A SKEWED INLET FLOW IVB 90
C IVa 100
C Eva 1%',
C EvB 140

COPHON /SO1.UTN/ Ytl~9,19),l(2.19,19btU(2,19,19)9 VI2,19,19)ih(2.19EVB 130
1,19),P(2,19,I9htPT(l9,19),H(19919).KLASS(1q19E IVS 140
COPMUN /AROL/ GAMMA,RGAS.GAM1,GAMZGAM3PGAM4,GAM45,PTAB(30),ACOI4,31VD 1S0
10) tROC014#30 )#TCO(4# 30) tQSCOI 4t30) #NFUENTHERt4@IEI IPSOURC EVO 160
COI'MON /CCNST/ PEORAO. BTUsGtBTUOG IV13 110
COPXON IEVS/ XSORCeYS0lCeZSORCXEVStYCIVSICIVSMCIVS,PHIICEVeTHECEIV 180
IVtPrC IVSHC IVSR IVSMIV StTHE TIV rPSEIEV pPTIVStH I VSPXPSORC tYPSORCpZPSIvo 190
2CRCoALPSRCtBETSRC Iva M0
COYMON /PLANES/ NPOS#NX1,NYI3NZ1,N~l2tNY2tNZ2 EVa 210
CuMON IWALSO/ YAXISZAXlSXT(4htRT(4I 9RC(4) ,THETAT(4),xE(4lREI(4)IVq 220
1,FHErAEI4J,NSYMMYXYI(4 ),EXPYII't),XYZ(4)gEXPY2I4),DEDXY2I4) ,EXPY3(IVB 230
24),XZL(4),E)CPZI14I,XI2(4,EXP2(4),OEDXZ2(41,EXPZ3E4),XY314) ,X13('9EVD 240

3s Iva 250
OIMENS EON RIVS13O)t PEVS(30), THETIV(301, PTEVSI3Ot21, HIVS130,2),IV1 260
t PSEIV(301 lvii 210
REAL MCIVSMIVSNXI,NYINZI,NX2,NY2,NZ2 IVII 280
RSQA-iXIVS-XSQRC2**2sCY(IIJl-YSORCl**2+(Z(LIJI-LSGqC)**2 lIti 290
RSgB5EXEVS-XSORC )*02+(Y(1,EeJ)-YPSORCJ$*2+(Z(1.l.JlLZPS0RC)**2 EI3 300
ROVA. SCURF/RSCJA lvii 310
RUVB-SQURF/RSQB EV&1 320
CALL SOURCE (ROVA#HCIVS,PTCIVStPAQA) EVA 330
CALL SOURCE (ROVBtHCIVSgPTCIVSoPBQB) EVD 340
RPAwSQRT(RSQAI Eva 350
RPBxSQRT(RSQB) EVA 360
UAQ*( S-SR)/RPA EVU 370
UB=QB*(XIVS-XSORC)/RPS EVA 380
VA=QA*?Ylt1,1 J)-YSORC)/RPA IVR 390
VBSUB*(YI 1,E,JI-YPSORC)/RPO IVO 400
WA=QA*(Z( 1,LJl-ZSORCJ/RPA IV8 410
hemo8*(L(I.IJ)-ZPSORC) /RPB EVO 420
R=IY(L,IJl-YAXISI*2-(1l, IJl-IAXtS)**2' IVII 430
RsSQRT (RI EV8 440
WTAz. SINE PI/2.c,*R/RO) IA*2 IVB 450
WYO-ICOS(PE/Z.O*R/R0) be'2 EVA 460
UAVE-WrA*UA+WTB*UB EVO 470
VAVE=WTA*VA+WTBl*VB lvii 480
WAYE=WTA*WA+W78*WB IV8 490
P~lrtE J)=WTA* PAWTB*Pb EVa 500
QAVEzSQRTEUAVE**VAVE**2+WAVE**2) lVii 510
s.ALL .A0OS8 II PI ItItJ )PTC IVStHCEIVStAROogSOARI Evo 520
RATI0=SQRTI0SBAR 3/QAVE Eve 530

U(It9 JI=UAVE4RATIO lviI 540
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yE 1,!tJ)=VAVE*RATIO IvB 55i0
WIt ,! J)mWAV5*RATIO IWO3 560
PT(I,J)-PTCIVS 1Vb 570
Hf Ij)zHCIVS IVB 580
RETURN IVB 590
ENTRY IVS82 IWO 600

C IWO 610
C THIS ENTRY POINT IS CALLED IN ORDER TO PERFORM ANY INITlALIZATICN IWO 620
C CALCULATIONS F03 THE SPE-IAL INITIAL VALUE SURFACE CALCULATIONS IVB 630
C ANY INITIAL DATA PRINTOUT FOR THE SUBROUTINE IS MADE HERE IWO 640
C IWO 65Cr

IF IMCIVS.LE.1.0) CALL ERRORS 18) Iva 1-00
YSORCuYAX IS IVB 670
ZSORCmZAXIS IWO 680
XIVSuXT(1)4RC(1) *SINIALPSRC*ORAD) IV8b690
XSORCaXIVS-(RTII)RC(1)*(L.0-COS(ALPSRC*0RAO)))/TAN(ALPSRC*DRADI IVB 700
RO=RT( l)eRC( Ist 1.O-COSIALPSRC*ORAOI) IVWO 710
XPSORC-XSORC IVB 120
ZPSORCuZAXIS IVb 130
YPSORC=YAXIS1(XIVS-XSO'qC)OTAN(BETSRC*ORADI IVHi 740
MRITE (6,10) xiVSgYCIVS ,LCIVSMCIVSALPSRCBETSRCPTCIVSHCIVSXSOIVO 750

iRC,YSORCtZSORCtXSORC ,YPSORCZPSORC lVii 760
HCIVSuHCIVS*8TUOG IVII 710
PTCIVS=PTCIVS*144.0 IVA 780
RSCA=(XIVS-XSGRC)**2 lVii 790
CALL M4ACHP IMCIVS,PTCIVSHCIVSPCIVStQSI%;S) IvaI S00
CALL AROSBI (PCIVStPTCIVS.HCIVStACIVSROCIVS#QSIVS) IVB 810
SUURFRSOA*ROCtVS*SQRT( Q&IVS) Ivii 820
PSOURC=PC IVS lVii 830
RETUKN IVIS 840

C IVII 850
C lIWO 360
10 FORMAT (IH0910X#I1HINVALS - THE INITIAL VALUES ARE CALCULATED BY IVB 870

ISUPERIMPOSING AN AXISY4METRIC SOURCE AND AN ASYMMETRIC SOURCEIIHO,IVB dii0
210X934HCOORDINATES OF THE REFERENCE POINI/IHC,1OX94HX =,F9.4@5H (IVR 890
31N)t4Xt4HY mtF9.4,5H I IN),4Xt4HZ =,F9,4,5H (IN)/ILHOIOXt26HREFElVB 900
4RENCE POINT PROPERTIES/lHO,l0X,7HMCIVS wtF8.494XofHALPHA *tF6o2,6h[VR 910
5 (DEG)t4Xv6HOETA 19F6.2*6H fOEG)t4X*4HPT zIF9o2?11H(LBF/IN**2)94XotVtS 4)20
63HH 'cF9.2.9HtBTU/L8M),/1H0,10X,32HCOORCINATES OF THE SOURCE POINYSIVB 930
7/LH0,1OX#OHXSORC roF9.4,5H (lNI,4XBHYSCRC ztF9.4t5H (lN)t4Xt8HZIVB 940
OSQR~C =,F9.4s5ti (IN),,IHO,1OX98HXPSURC tF9.4#5i (IN)t4Xt8HYPSURC IVP 950
9 ,F9*4s5i (IN)t4XtPHZPSORC ztF9.4,5H (INI) IV~s 960
END lIli 970-
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SOM*IN B
S18FTC READItt

SUBROUJTINE READIN REA 10
C REA 20
C REA 30
c REA 40
C ALL DATA NECESSARY FOR SPECIFICATION OF iAS PROPERTIES, PROGRAY REA 50
C OPTIONS, CONTOUR SHAPE AN4D INITIAL DATA SURFACE IS INPUT THROUGH REA 60
C NA9'ELIST DATA INPUT, THE NAMELISTS ARE CNTRLL# WALSOLt AROS8L, AND REA 70
C IVSL. SOME PARAM4ETERS A'J0 DATA ARE PRINTED OUT REA 80
C REA 90
C **..*,.**S.******O***Oe**4***j** REA 100
C REA 110

DIMENSION RIVS(30), HIVS13OI. THETIV130)v PTIVSI3O,2lt 1v6Y130#2)tREA 120
1 PSIIV(301 REA 130
COPMN /AROI GAIMARG4S,GAMI,GAM?,GAH43,GAY,4,GAM5,PTA8I3O).ACOI4,3REA 140

to I ROC014#30 I PCO14p 30) tSCO(4, 30) #NFCEPNTHERMP I I PS0UfC REA 150
COPMON /AR02/ ATAO(30,2).ROTAaI30.2),TTABI3O,2),QSTAB(30v2),PTA8I3REA 160

10) REA 170
COPMON /CNTRL/ PRINTIPRINT2,ERRUR,(VSfYPICLASSNPNTliJJLLLREA 160 i
IhSTARTDELXDELXtKKoXI 2l,X.lAX,NO RE-A 190
COUMGt4 ICCNSTI PItVRAD, BTUtGBTUOGRE20
COMMUN /J'/ XSORCYSOICZSORC,XIVSYCIVSZCIVSMCIVSF"lCIVTHECIREA 210
IV #PTC IVStHC IVStR IVSrlR V StTHET IV PPS II)VPPT IVSvHIVSXPSOkCtYPSCLPSRE A 220
ZCRCtALPSRC#BErsRC REA 230I
COPMON /PLANES/ NPOS#NKI#NYltNZItNXZNY2tNZ2 REA 240
COMMON /WALSS/ YAXISZAXISXTIA),RTE4) ,RC(4),THETAt(4)tXE(41,RE(4)REA 250
',THETAEI4),NSYNMYXYL(4),EXPYI(4)tXY(4),EXPY(4)0EXY24)FEXPY3(REA 260
2')X114),EXPZ1I4*,A214),EXPZ?(4),DEDXZ2I4).F.XP*314),XY314),XZ314REA 210
3) REA 280
CUmMaN /THRUTI AREAAREATFMASSIXTHRIITHRIZTHRIXTHR,YTHR,1THR,XREA 290
IPOMT, YMOMTLMOMT ,PAMB,)N4ASSI ,RMASS REA 300
REAL MCIVSX1VSNXINYl.NL1,NX2,NY2,NZ2,MTAB REA 310
INTEGER PRINJ1rPRINT2 REA 320
hA##ELIST /IVSL/ XIVSY 'IVSZCIVSMCIVSPHtCIVtTHECIVPTCIISHCIVS,REA 330

IRIYS.UIVSTHETIV.PTIVSHIVS,NPOS,PSIIV.ALPSRCBETSRC REA 340
NA14ELIST /CNTRLL/ PK INT I#PR INT2 tERROR, IVSTYP PNP #XMAXNSTART REA 350
NAMELIST /WALSBjL/ YAXESZAiX1SXTRTRCTHETAiXE-,RE,THETAE,NSYP'PY,REA 360
1XY1,EXPYIXYZEXPY2.CEDXY2,EXPY3tEXPZI ,XZ2o,EXPl2,DEDXZ2,EXPZ3,Xz1.REA 370
2XY3#XL3 REA 150
NAMELIST /ARDSBL/ GAIMAtRGASMTABPTAB.ATAB.ROTAO.TTABPAMO REA 390
C!MENS ION TItLE(t2) REA 400

C REA 4.10
C READ INPUT DATA REA 420
C REA 430

READ 150350) TITLE REA 440
READ 155CNtRLL) REA 4604
READ 15tWALSOL) REA 460
READ (5,AROSOL) REA 470
REAti 15,[VSLI REA 480

C REA 490
C WRITE STANDARD CORMENTS AND TITLE REA 500
C REA 510

WRITE (6,170) REA 520

WRITE (6,1601 REA 5304
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IlITE (6,LSO REA 54"

WRITE 46P160) REA SSi,

kERITE i6#1803 REA 560
WRITE 16#90) REA 570

tRITE (6,160) REA 580

WRITE 16,200) REA 590

WRITE (6,L60) REA 600
WRITE 16,2101 TITLE REA 610

WRITE 16,160) REA 620

WRITE (6,220) REA 630

C REA 640
C STeP IF XMAX IS ,iOT SPECIFIED REA 650

C REA 660
IF (XMAX.EQ.0.0) CALL ERRORS (10) P.EA 670

C REA b80
C ASSUME TABULAR THERMODYNAMIC DATA IF GAMMA IS LESS THAN ONE REA 690

C REA 100

IF GAMMA.LE.1.O GO TO 1O RLA 110
WRITE (6,2301 GAMPARGAS REA 120
GO TO 40 RtA 1)0

C REA 140
1o WRITE 16,2401 REA 750

RITE (6,250) REA 160
CO 20 1=1,30 REA 770

IF (MTAB(U).EQ.n,0) GO TO 30 REA 780
NTHERM-'I REA 790
IF (I.NE.t6) GO TO 20 REA boo
WRIrE (6,110) REA 810
WRITE (6,1601 REA 820
"RITE 16,250) REA 830

20 WRafE (6,260) HTAB(I),PTAB(I),ATAB(II),ROtAOII,1),TTAB(II.) REA 840
30 CONTINUE REA 850

IF ( IThERM.LT.19) WRITE (6,170) kEA u60
C REA i U
C IVSTYP CANNOT EXCEED 4 XEA h
C PLA 890
40 IF (IVSTYP.LE.4) GO TO 50 REA 900

CALL ERRORS (1) REA 910
C REA "1.,0
C wRITF OUT PARAMETERS OF SPECIFIED FLOW GEOMETRY ;'IA '110
C kFA "140
so WRITE (6,1601 9;A

%RITE (6,210) rLA 960
IF (NPOS.EQ.0) GO TO 70 ALA 910

UKITE (6,2RO) NPOS,XIVS,YCIVSZCIV$ REA 9dO
IF (NPOS.EQ.I) GO TO 60 REA 990

ASECT=PI/FLOAT(NPOS) REAIO00
NX2=.O R EA1OIO

hY2s-S IN(AS.CT) REA 1020

NZ2COSIASECT) REAI3OO
WRITE (6,290) NX1,NY194ZItNX29NY2pNZ2 RtAIO4O
GO Tc 80 REAL050

C REAIO6O
60 WRIE (6,360) NXI@NY1vZ' REA1070

GO TO 80 REA 1080
REAjOV0
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10 UWE 16,3W0) REA1OO
so kAITE 18.170) REAl) 10

WRITE 160360) REALIZO
WRITE f6*300) REA1130

C REAL140
C IF NSYMMY a I CONTOUR IS AXISYNMETRIC REA1150
C REAIL60

IF INSYt4NY.EQ*1) 60 TO 90 REAII70
C REA1IISO
C IF USYMMY a2 SUPER ELLIPTICAL WITH ALL QUADRANTS THE SAME REA1990
C, REA 1200

IF INS'INSY.EQ*2) GO 10 110 REA12IO
C REA 1220
C IF NSYMMY a 3 SUPER ELLIPTICAL WITH ALL. QUADRANTS DIFFERENT A~EA1230

c RfAt240
IF INSYP4NY.EO.3) GO TO 120 KrEAL250
CALL ERRORS (2) REA1260

C RE A1270
C TEST TC SEE If THE NOZZLE IS CONICAL. REA1260
c RfAI?90
90 IF ITIETAtl1).EQ*THETAEfI)) GO TO 100 REA 1300

WRITE 16#310)xT1,ASAIT )CI)E(IE()TETIIRA3O
WTIETAEI I) REA1320
GO TO 140O REA1330

C REAL340
100 %RITE 16,3201 RTflv)RC(1)#X~i13,THETA~i!! mEAIJSO

GO To 140 REA 1360
C REAL370
C SUPER ELLIPTICAL REA1380
C REA1390
C TEST TO SEE IF EITHER INTERCEPT IS CONICAL REA is 0O
C REA 1110
110 IF (TNETAII.EQ.THETAEII), REl1JmRTf1).RCI1)*11.0-COS1THETATI1)eOREAl,)O

IMAOI))(XEII)-SINITHETAT 1 )*0RAD)*RCI1)-XTt1)J*T*NtTHETAT(13eDRAO3 REAV*. s
IF tTIETAT12loEQ.THETAE121) RE12)uRT(l)*RCt2)ei.O-C0StTHETATl2)*OREA1440
IRAO)).IXE(2)-SIN(THETATIZ)*ORAI))*RC(2)-XT1)*TAN(THETAT(2)*DRAO REA1450
wmrE (6,330) XtII),XTI Z).YAXIS,.ZAXISRT(1),RC(13,XE(1) .REIZ),THETREAI460
1A11)I,T4ETAE( l),RT(2),RC12),XE1)REt2ITHETAT(2),THETAEl42) REA1470
WRITE 16,340) REA14.00
WRITE (694601 XYIfl),EXPYI(L),XYZtl),ERPY2(1),XY31l),EXPY3(119,X2(Rt-fd49O
11),EXPL1II),XZzf 1),EXPZ?1Lj1311t),EXPL3(1),OEDRY?(1),OEDXZ2II) REALSO0
GU TO 140 REAISIO

C REA1520
C GEhERAL SUPER ELLIPTICAL AbA 1530
C REA 1540
120 WRtE (6,3R03 aEA155O

WRITE 16,390) YAXISZAXIS REA1560
WRITE (6,400! REA1570

C KEAI58O
C TEST TO SEE JF ANY CONIWIIS ARE CONICAL e1EA1590
C RE41600

IF (THETATI).EQ.THFTAEiI)%) REII)-RTIl).RCI1)*11,0-COS(THETAT(I3*OREAI610
IRADI3ItxF(i)-SINfTH~tAU1t)*DRAD)*RC(1)-XT(1)J*TANITHETAT(1)*ORA03 REA1620
WR4ITE 16t4401 XT(l3.RTI1JRC11JXE(1),RE(l),IH4ETAT(13,TP-5t-E(1i REA1630
WRITE 169410) REA1640
IF (THCTAtOI.*EQ.THETAEI3)3 RE1RIIR),RC(10(1.0-COSITHETAT(3)*oRtEA1650
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IRAD) 1, XE( 3 1-$IN( TUETAT I3)*ORAOJ#RC (3 J-XT t3) )OTANI THETArI3)*RA) REAL660
WRITE 16,4401 XT13)tRTI 3),RCI3).XE131,REI3ITHiETAT(3),THETAEI3J 4EA1610
wRtre 16,420) REA160
IF (THETATIZ).EQ.THETAE(2)3 REt2)aRT1IIRC(2)*(I.0-COSITHETATI*)CREAI690
IRAO,),1XEfz)-SL,41THETAr1).RAU).RC(2j-xT(2))*TAN(TETAT12)oRADi) REAIO00
WIKTE 160~40) XT(21,RTI2),RCi?),KE42),RE12).VW1ETAttlohTHETACl2 REAI?10

WRITE (6,430) REALIZO
IF iTHETAT14J.EQ.THETAEI4)1 RE1)RT(II.RCf4)*IL.O-COSlTHETAT4)OREA173z3

IRAD) jIXE(A)-SIN(THETAT I4)9DRAOIVft'C(4)-XTiA) *T4h1THETATI4I0ORA0J REAL740
WRITE 160440) xV141,RTI 4),KC(4),XE14JRE(4),THETAT(4itHiEYAEI4) REA1750
Cu 130 Is1,4 REA1760

IF (I.EQ.4) WRITE 1691701 REA1770
WRITE 16,450) 1 REALIBO

130 WRIrE 16,460) XYIII),E(CPYI(IIIXYZI1),EXPYZII),1Y311,*EXPY3(II.XZI(RtEAIUW
ItIEXPZ11IiXZ2(ij.EXPL21I1.Xl31i),EXPZ3I1.oDEOAY2(iIOEDXZ2(l) REATBOO
Go TO 140 REAZtSO&

REA18520
140 IF INTHERM.GT.51 W9ITE (6,1701 REAlfi3O

RETURN ICEALS40

C REALo60O

ISO FORMAT lIHO#39Xv52HTHREE-DIAENSIONAL ANALYSIS OF SUPERSONIC hCZZLEKEAI1S1O
I FLOW) REAIUBO

160 FORMAT IlMO) MLAIV9O
110 FORMAT (IHI) KkAL900
180 FORMAT IINO,5X,BHAeSTRACT) REAL910
190 FORMAT lIHO, lOX,IBHTHIS PROGRAM WAS PRODUCED AT THE PURDUE UhtIVERREA1970

ISITY JET PROPULSION CEVITER BY V. H. RANSOM AS A PART OF THE RECUIRREA1930
ZEMENTS/IH tiOX911714OF AF CONTRACT NUMBER4 F33615-69-C-1068. TfhE CONREA 1940
3TRACt WAS SPONSORED BY THE AERD PROPULSION LABORATORY WRIGHT PAFTEREAL450
40SON/IH #IOXLI3HAFB, 3HIO AND PRINCIPAL INVESTIGATORS FOA PURDUE AEAL160
SUNIVERSItV WERE PROFESSORS H. DOYLE THOMPSON AND JOE 0. HOFFPAh./IREAI97O
61OtIOX9118HTHE EQUATIO14S OF MOTION FOR A THREE-UIMENSIONAL SUPERSORtAt9q5O
INIC FLOW ARE SOLVED USING A NUMERICAL METHOD OF CHARACTERISTICS/iNREA199O
a li0EIL3HHAVING SECONO-ORUER ACCURACY. THE FLOb VARIABLES PUST BREAOCO
9E SPECIFIED OVER A SPACE-LIKE INITIAL VALUE SURFACE WHICfl/IH ,IOXREA20IO
*120HADJOINS THE NOZZLE BOUNDARIES. THE hOlZlF GEOMETRY IS SPECIFIREA2020
*ED BY MEANS OF THE SUBROUTINE WALSUB. THE NOZZLE 14AY HAVE,/IN ,IOREA2030
*X#112HPLARES OF SYMMETRY AND THE THERMOOYVANIC PROPERTIES OF THE GREA2040
*AS ARE OETERMINED BY M4EANS OF THE SUBRCUTINE AROSUB.) U4EAeO5O

200 FORMAT 11H0,5X,1YHNAJOA ASSUMPTIO4St/IHOtIOX,tIHTHE GASOYNAPIC MOREA2060
LOEL IS BASEtU ON THE FOLLOWING ASSUMPTIONS. 1. CONTINUJM, 2. INVISREA2010O
2C10, 3. STEADY, 4. S'rRICTLY AOIABATICi:,/IM ,ICX*89HS* FROZEN CR ECREA2080
3UILIBRIUM CHEMICAL COMPOSITION* AND 6. SPCOTH INITIAL OATk AND BCUREAO90
4kDARIESel Rk-A210O

210 FORMAT 1tHO,5X99HJ08 tITLEs/IHO,1OXtI2A&) RLAiIIO0
220 FORMAT lIHO95X#19#4TIER4OOYNAMIC MODEL) REA2t2O
230 FORMAT IIHO#IOX@9?HA CALORICALLY AND THERMALLY PERFECT GAS IS SPFCR'AZ1 O

LIFIED AND IS CHARACTERIZED BY THE FOLLOWING VALUESt/tN0,I0Xt21IHSP[ERA2I4O
2CIFIC HEA! RATIO st2XFIO.5,5XtI8HAND GAS CONSTANT =,ZXvFIO.5,ZXvlRLAZI5O
30N(FT-LBFILRM-DEG R)) REA2160

240 FORMAT (1HO*IOX#9?HA HJMENTROPIC FLOW IS ASSLPEO. THE GAS PRCPERTREAZa7O
IIES ARE INPUT AS TABULAR FUNCTIONS OF PACH NUMBER.) REA218O

250 FORMAT I1HOI2xvlHN,1OK,lHP,13xIHAiox,3HRHa.13X,IHT,/2OX,jIH(LBFREA219O
1/iNS*2),4X,BHIFT/SEC),4X, IIH'LBtM/FT**3).5XTHIOEG Rb,/I REA2200

260 FORMAT (IN *9X.FT.3,2XFR.3,5XF9.2t2X,*EI2.4,4XF8.lI REA2?lO
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270 FORMAT (IHO#5X.I3HFLOW GEOMETRY) R~EA220
280 FORMAT lIHO, lOX, I3HTflE FLOM HAS tI2*lXt45HPLANES OF SY004ETRY PASSIREA2230

ING THROUGH THE POINT-/IHOoiOXt3HX mpFlO.4#lXt4IilN).4X,3HY atfIO.'4REA2240
2tIX#4HIIN)t4Xt3MZ vtFIO.4vlX#4HllN)) REA2250

290 FORMAT (lH0,KOX,64NTHE COMPONENdTS OF THE OUTER NORMALS TO THE FIRSREA2260
IT TWO PLANES ARE-/IHC#IOX#5HNX1 ot2X#FIO.6,5X95HNYI s#2X#FIO.b,5XREA227O
2!.HNZI 3g21,Fl0.6/IHOIOXt5HNX2 sZX,FIO.6tSXSHNY2 ot2X#FlO.6t5Xv5RE42'80
3HN12 xt2XtFIO.6) RE A2290

300 FORMAT (lHO,SX.15HNOZZLE GEOMETR!I REA2300
310 ~Fqkat (IN1.IOETTAXISYMMETRIC CIRCLE-PARASOLA CCNTOIJREO NOZZLE HAEA2310

lAYING THE FOLLOWING PAAETEaS/lHOlOx#2?HrHIWAT AND AXIS COORDINAREA2320
2TES/IDoIOXt5JCT x#Fg.495H fIN)94X,5ItYC mFg.4t5K (INJ,4Xt5HZC REA1330
3xtF9.4,54 fIN)t/KHO#IOEI8HCONTOUR PARAMETERS,/lHtIOXq4HRT uF9.4REA234O
4,5H4 lIN)v4X,4HRC zvF9.4,5H IINh4Xt4HXE 2,F9.4#5H lIN)#4Xt5H9tE stREA?350
5F9.4#/1HO#IOX.&nTI1ErAT zF9.4#6H IOEG),4X,8HTHETAE *,F9.496H IDEGIREA2360
6) REA23 70

320 FORMAT 1IH0tlOE,7IHAXISYH#IETRIC CIRCLE-LiNE CINICAL NOZZLE HAVING REA2380
ITHE FOLLOWING PARAMETES/IH09i0Xt4HRT wtF9*4#5H 11r4AA4H9C ugF9.REA2390
24#514 EINI,.Xv4HXE z#F9.4t5H lINi.'.X*7HA!.PkA z#F9.4t6H (DEG)) REA2400

330 FORMAT (lHO,1OX,7OHSiUPERELLIPTICAL CIRCLE-PARABOLA NOZZLE HAVING tREA2410
IHE FOLLOWINI; PARA,4ETERS/tHOIOX,27HTHROAI AND AXIS COORDINATESIHtORFA24ZO
2,IOX,,5mXTY AoF9.4tSH 114)94X#rJHXTZ ztF9.4,5h ffN),4X#5HYCT =tF9.4;RkA2430
35H (IN),.4X#SeiZCT a.g45 lIN)/lHojl0z,?ZtlX-Y CONTOUR PARAMETEkSIREA2440
41H0vI0Xt5HRT ztF9.4,5H (IN),4X:5HRC isF9.4.5II IINh4X#5HXE vgF9REA2450
5.4t54 (INJ.4XSIIRE atF9.4t5H (IN)/lHO,lCX,8HHFTAT ,F9.4061 (OEGREAZ460
6)t4X.UI4THETAE :,F9.4&64 fnEGIH0,1OXt22HX-1 CONTOUR PARAPETEE4S/lHMLA?410
70,IOX#54RT zPF9.4t5H lItdI,4Xt5HRC x#F9.',,5H IIN),4X,5HX- u,*F9.4LA248O
a.tN fI&d,4X,5iiRE =,F9.4,511 fINl/11P0,ICX.8HTHiETAT uF9.4v6H IDEGJHEA2490O
94X,8NrHETAE x#F9.4,61- (DEGI) 4t:Ael,0O

340 FORM~AT (LHO,10%,25HSUPERELLIPTICAL EXPONENTS) REA25IO
350 FORMAT (12Ab) kL A25~20
360 FORMAT (IH0t1OX#39Hff-E COMPOJNENTS OF fHE OUTER NORMAL A9E-/JIH0tIOXRfA25J30

1951INX 1 *,A, l-1.6,5X#5HNYI ap2XvFIC.6#5X5H'NZI ,2XPFI0.6) REA25I40
370 FURMAT 11140. 101HNO PLANJES OF SYMMETRY) RLA2',50
380 FORMAT (ImOt1OX,67II6UPFRELLIPTICAL CIRCLE-PARAOOLA NOZZLE HAVING N~tIA2,6()

It PLANES OIF SYMMETRY) RtEA2!i7O
190 FORMAT (IHOIOX,16HAXIS C0UKDINATES/IHC,ICXpShYCT -tF9.4,5H4 fINJ,4QCA2-)80

IX,5HLCT *.F9.4,54 (IN)) RrAj9O
400 FORMAT IIHOt1OX,32HX-YIPOSITJVE) CONTOUR PARAPETERS) RL~A2600
410 FORMAT 1lHOtI0OE,?HX-Y(NEGATIVEJ CONTOUk PARAMETERS) REAZ610
420 FORMAT IlHO.IoA,3?HX-ZlPOSIT!VEI coNrOLR PARAMETERS) R4EA2b20
430 FORMAT ItH0#1O~p32HX-lfNEGATIVt) CONTULR PARARETERS) RUTA2610
440 FORMAT (IHO,40X#SHXT utF9.4954 IIN)t4X#SHKT =#:9.4,5H tIN)t4Xp514RkA2fi40

IRC atF9#4*514 (IN)t4Xt5HXE *tF9.4,5H cINl,4X95HxE vF9.4*51- IIN)REA?6S0
2,I1H0,10Xv8HTHfETAT atF9.4*6- (OEG)t4XeHTHETAE *qFQ.496H (DEG)) REA2660

4S0 FORMAT l1HO,10Xt36H-SUPEolELLIPTICAL EXPONENTS - QUAORANT,2XtIIJ REA2670
460 FOAIAAT IIHO,10XSHXYI avF9.4v5HH tIN)#4X#5HEYI *#F9.4,4XSHXY2 *,F9REA2bBO

1*v5 lIN)t4Xv5HEY2 uvF9.'.,4Xj,5HXY3 EF9.4t5m IIN),4X,5t4EY3 stF9.4REA2C,90
2/lHOtlOX,SkxZl *tF9.4,5H (IN),4X,514EZI uvFg..44X511Z2 *#F9.4,SH (REA2700
31N)94Xt514EZ2 stF9.'.,AXt5HXZ3 stF9.495H IIN),4X#5HEZ3 xtF9.4/IHO,IOREA21O
4Xo8I4OEuXY2 xF9*499H fIN**-I),4Xt8HDE0X12 avF9.4.9H IIN#U-Il REA2770
E NO REA2730-



$IOFTC WALS52
SUBROUTINE WALSB2 WLS 10

C WLS 20
C Weo~ee.e..~~.ee..eeee~*~~eee..e~ LS 30
C, WD.S 40
C INITIALIZES [HE SUBROUTt4E WALSUB A40 ASSOCIATED SUBROUTINES. [HE 'iLS SO
C PARAMETERS OF THE CIRCULAR ARC AND PARABOLIC CONTOURS ARE CALCULATEOWLS 60
C THESE PARAMETEP5 ARE DETERMINED F4OW THE INPUT VALV(ES FOR THE WLS 70
C THROAT LOCATION* RADIUS AND RADIUS OF CURVAII*Es THE ANGULAR SLOPE WtS 30
C AT HE TANGENT POINT BETWEEN THE CIRCLE AND PARABOLA AND THE SLCPE ATWLS 90
C THE NOZZLE EXIT AND THE COORDINATES OF THE NOZZLE EXIT RLS 100
C &ELS 110
C Weeeee*~e..s.ee~eae..e~a....*..e LS 120
C IN COMMON WITH DETERM lvL.S 130
C WLS 140

COPMON /COOFI/ XX(4jR . AK(4),XI4)oYT(4),ANI4).BN(4),Chd4).DN(wLS 150
14),ENI4I.AAY(4).,BAYIA),CAYI4I,ABY(4).BBYIA),CBYI4),AAZ4 ,BAZ(4) .CWLS 160
2A1(4).ABZ(43,BB114),CBZ I4j.AYTESTI4).AZTEST*fl3vTEST(4).BZTEST4)dLS 170
39SYMMY(4) WLS 180

C mdLS 190
C TO MALS&JB WLS 200
C, WLS 210

COPMON /TRANS/ YTRAN,z[RAN.NTELL WLS 220
C WLS 230
C, IN COMMON WITH MAIN PROGRAP WLS 240
C WLS 250

COPMON /WALSB/ YOZDX0(4),RTI4j,RC(4),THiI(4),XEi4).YE(4),THE(4FWLS 260
ISYDMYtXYII'dEyI4)XY?(4),EY214).OEY2MJ,*EY3(41,XZI(4J ,E1114),Xl2WLS 270
2(4),EZ2(4).OEZ2(4).EZ3I4jtXY3(4)sXZ314) WLS 280
GO TO (100000), NSYMJy kLS 290

C IdLS 300
C THE FOLLOWING IS FOR AN AXISYMMETRIC NOZZLE wiS 310

10 CO 20 1-1,4 WLS 330
20 SYPMY(II=.0 WiS 340

AK!1)-RT( 1J.RC(l 13 HS 350
C WLS 360
C INPUT FOR AN AXISYMMETRIC CASE wLS 370
C. WLS 380

CALL CPMATE IXOl 1jRTtiIRC(l),TeT(13,xE!l),YE(l3,THEfII*XT(l1,YTIWLS 390
11),AtII1),BN(1).CN(1),D4I(1),EiI1)) WLS 400
GO TO 90 kLS 410

C WiS 420
C THE FOLLOWING IS FOR A NOZZLE SYMMETRIC ABOUT THE Y AND Z AXES. WLS 430
C C~LS 440
3D CONTINUE WLS 450

AKIIIsRTI 1)+RC(I1) WLS 460
AK(21&=T(21*RC12) WLS 470

C WLS 480
C CALL SPMATE TO DETERMINE CONTOURS wLS 490
C WLS 500

C0 40 1%1#2 WLS 510
CAL. CPMATE (X0(J),Rr(I)tRC( I),tHf( IJ.XE(l),YE(1),THEUI.AXTIIIWLS 520

t YII1)tANII).BN(IICN(IJON(IIEN(1II WLS 530

1 51



40 CGO.1ttJE IiLS 540
C IdLS ISO
C EQ2UATE PARAMETERS TO GUAAANTEE SYKMETRY ABOUT THE V AND Z AXES WI-S s60
c WI-S '570

CO 50 11,r2 IlLS 580
Jel*2 WLS 59-1

z0ij)uxofl WiILS 600
RT(jI-Rr(l W~ILS 610
ACJi)ZRCfl W)ILS 620
TH1iJ)&1ifll I ILS 630
XEIjJ-XE(l WiILS 640
YE(J)wYEf I) IlLS 650
THE(JI-TIII WL.; 660
ZT(J)vxTl( IiSLS 670
YT( JIZYTgl 1)ULS 680
ANISJuANE 5) IlLS 690
8NlJ)s~hlt .11WLS 700
CN(J)&Ci( I) W..S 710
O.NlJIloNIl WiILS 720
EN(J)SENI! UJILS 730
AK(J)-AX( I) ilLS 740

50 CoNTNuuE IlLS 75,0
C IlLS 760
C QUADRANT I IlLS 7/0

r IlLS 780
br-1 WLS 790

1-1 IlLS d00
JAZ IlLS S10
CALL fESS (XOl!),RT(IiRCII~hTH(1),XE(I),YE(II,1HEi1),XO(J,ttfJ)WLS 820

t..tZtJ) .Ttij),XE-(J)eYEt J),THE(j),SYnN4Y(d) IlLS 830
CALL EXPO (XYI N#~t)h2NoX2NY(~X3N)EIN*Z() 840
1,EY2(N)J.ZIL2Nh0EYZ(N).0EZ21N).FY3(N),EL3(N),ABT(N1.OBBY(NJ*CBYfNJ#WLS 1150
2AAY(N).BAYIN).CAY1N),ABL4I.14bb~N.CL1N.AAZ,8tAZ(NCAZ( ,sYTILS 860
3ESTlt)AVTEST(tl,8ZTESIIFI,AZTEST1N),XCtIXCt.1).XEII).xElJI~h,SyPWLS 870
'4FY(411 ILS 880

c IlLS 090
C EQUATE THE QUADRANT PARAMEFRKS IlLS 900

C ILS 910
CO 60 N=2,4 IlLS 920

EU (NI-EV~l0 I)tlS 930
E~lI N'E~LI WiILS 940
EV21t0.EV2I I) IlLS 950
X12tt~wXZ2fl1) IlLS 960
XY3(NlIEV3fl W1ILS 970
Xl3fNI-El31l UIILS 980
EYLINI-EVII I) ILS 990

EZI(N)NELZII1 WLSIO2O
EY2INI-EYZfi WLS1O3U

OEZ2lN)-DEZZ( 1) WLS1040

E131NisEZ31 11 WlLS 1060
ABYINIvANY( ) WlLS 1070
8EYIN)-BIIV( II 11.1080
COYV(19) c8by I) IL 51090
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DAYItleAY(I1) iWLS 10

CAY(NJ-CAYf( W) LS1120
ASZUMBABlI1) WdLS1130
B8z(NIisizi) IELSII40
CGZIN)-CBZIt 1)WLS1150
AAZ(IIAAZ( 13 WL51160
BA!4NJu6A1( 1) WLS1170
CAZ(NJwCAZ(I) WLS11ao
BYTEST~w)zSYTEST() WiILSt190
AYTESTIJAYTESTI 1) WLS 1200
BITESTMUS-Z'EST( 1) ULS1210
AZTEST(WJ*AZTESTI 1) iLS 1220
SYR#qYt~2symmyt( 11wLS1230

60 CONTINUE ULS1240
Go TO 90 WLS1250

C WLSL260
C fi0h-SYNNETRIC CON4TOUR WLS1270
C WLS1280
70 COWTI MUE WLSL290

CU 80 1.1.4 WLtS1300
AK(IJNRT( I)+RC(I) WLS1310

c WLS13?0
c GENERAL INPUT TO DETERMNLIE T14E FOUR COXTC'..RS WLSL330
CWL14
C CALL CPmATf TO SPECIFY CON4TOUR CONSTAN4TS wLS1350
C WLS1360

CALL CPMATE foITIC1,H(JXIIYI .H(iTI1L17
I YTI).N().N(!,C~(3,Ott JEN(3J LS1380

n0 CONT INUE I S 13 90
C 14LSA140
C THIS SECTICN COMPUTES THE PAVA9IETERS 94ECESSARV 70 SPECIFY THE WLS1410
C EXPONENT IAS A FUNCTIOV OF X) FOR EACH OVADRANT WdLS1420
C WLS1430
C CUADRtANT I WLS1440
C WLS 14S0

ft. 1 WLS 1460
1~1 WLS1470

J2 t'LS1480
CALL TESS (X~(ltt(IRff),RC(I),THTII'.XEgIl.YII).*THEmfl*X0IJldtTIJ3ULS.490
l.RCIJI~fHt(Ji#XE(J)tYEIJlTHE(Jl.SYMMYU43 I WLS1500
CALL EXPO (XY1INl.KI(l~JXY2t43 9 XZZfiNJ.1Y31N).XZ3IN),EfYit41EZI(NIWL51510
1.EYZNit4JEZ2(ftlEY2(N)*OEZ2iNgI.EI3INJ.EZ3(NI.ARV(NI t?,BY(N) .CSYINdWLS1520
ZAAY(Ni.BAYtff),CAYIt4JA3ZNleBBZ(NI.CBZIN8,AAZNitOALtI ,CAZ(Nt~h-,YTWLSI1)3O
3ESTINJ ,AVTEST(NJisvEST (NJ ,AZTEST(N140i1) XC(JI KCE (1)XE I) ,N.SYMEWLS1540

C WLS 1560
C CUADRANT It WLSIS1O
C WksisBO

fts2 WsLS1590
Is AWLS 1600

J02 WLS1610
CALL TESS (xO(I)RT(I IJRCIIJ.THT(I ).XEIZ).Y~(l.t.E(IIX~iJiRTI3LS1620
1,AC(J),T*TfJj.EC-iiYEEJJTHE(JJ,SYMyl)jI wLS1630
CALL EXPO X1Nxz( JXZNZ2N X3NZ)E1JE(iLb4
1.Ey2ItlEz2i).0EV2INd)o0fz2f.)FY3N),EZ3IAYIftB8YN%,CYNtLS1650
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ZAAYINJ Syt)tCAYIN). EZ(N I. BBZ (NJ .C81 £t41AAZ (N) ,BAZ (NJ ,CAL(N) 48YThILSI ,60
:ESTINt)A1TESTgJ),BTEST(NJ.*AZTEST(t4),X0(I),X0(J),XEtIJ.#E(JtN.Y'KLS1670
O4$44 13 13LS1683

c IWLS~b90
C CUADMANT III WLSI0
c aiLS 1710

k=) iLS 1720
Is3 MLS1730

J-4 WLSJ 740
CALL TESS (X0IIJ.RTLIb)RCt1JTHT(1J.XE11.YEIJ,fEtIjZDfJ.RTIJ)WLS175s0
1.KCIJ),TKT(J3.KE(JJ.YE( S),TlfEtJ).SYMY(NJ) hiLS176P
CALL FxPO (1Y1(t4),XZlEI ).XY2(NJ,*XZ21fi.1XY3(N).113(tNJEYl(NJEllth)ILS1770

ZPI(NuBA).dlAY(NABtisBBZINI)C8Z(Nj.MA-Nu.8A~i),CAZN.BYTktLS1790
3ESTIt4) AYrESTfN14BLTES).AZTESTN#XV(IX0(J).zE(JxEJj.N.SYPjLSt0o
4PV(NI) *aLS Id 16

c WLS1820
C COADRANT IV WLS1830

c WLSjab4Q
ULS18SO

hiLS4860

CALL fESS51 IJRI( :),iC(),THTtnJ.XE(1jYEUlJTtE(1),A0(J)RT(JIdLSIB80
It~~,- T oct,#EJ).THE(JSY'MNYlti)) aLS.190
c&ALL E--PD (XY1I4').XZ14j.2121N)12N)EY3tN)X3()ET(N)EZI(KJWLS1900

1iEv2(NJ.*EL2)E41.-~21JEZ(NEY3N 1 E3(tJA8*T()BSYv(@I.C!Yf),WLS1910
VAAY(NjAVYttJA8ZNJBZIdJCZ(NZ(N)OB ()e5ZIIAZt~tCA1(hJegsYTLS1920
3E~ittlvET(BZTETt),AZTES(fN.XC(),xcijJ),xF1)xEJN,SYPLS193O
,4P'-Nlj I LS1940

C WLS1950
c SET NSYM4Y IJL10 !V13 WLS1960
E WLS1970

&SYNKY2t LS19I40
90 71TAtmyc ULS1990

±I RAMa 10 WLS2000
$&ELLW2YPXT 1iLSZO IL.
ED 100 lu,; WLS2020

XX(-li-sEcf (J LS2030
RAI 'tci ) WLS2040O

100 CONiTINUE WLS2050
PETUXN MLS2060
E ND aELS2070-
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SIPTC TESS
SUBROUTINE TESS (XOYRTYgCY,TTYXEY,1EYTHEYXOZRTZ.RCZTHTZtXEYES 10

1ZoYEZTHEZSOT) YES 20

C TES 30
C **$***t***M***4***4********O***** TES 40

C CES 50
C TESTS TO SEE IF THE CONIOdR PARAHETEhS ARE EQUAL OK ADJACENT QUAO- YES 60
C RANTS. TH PARAMETERS ARE ALSO TSIE0 TO DETERNIUE IF THE YES 70
C OCGNGIJR IS AAZSYHMETR|L YES iC
c YES 90
C YES 100
c YES 110

IF (XOY.NE.xZ) GO TO 10 YES 120
IF (RTY.NE.RTZ) 0O 10 ES
tF (RCY.oNE.RCZ) GO TO 10 YES 140
IF (tHTY.NE.ThTi GO TO 10 VES 130
IF (XEYNEoXEZ3 GO TO 10) YES 160
IF YEYNE.YEI) GO TO 10 TES 170
If (THEY.NE.THEZ) :0 IL 10 YES LBO

C YES 190
c ThE QUA*RANT KAY BE AX!SYMET9!C YES 200
C YES 2IG

- SOi . YES 220
GO TO 20 YES 230

C TS 240
C THE QUAORANT IS NOT AX!SYMMETRIC TES 250
C TES 260
0 SOT=2. YES 270
!0 RETURN TES 280

END YES 290-
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SUBROUTINE EXPO (XY1,XL1,XY2,XL2,XY3,XZ3tEYltEZtEY2,'.iZ2,DEY2,OE12EXP 10
I ,EY3,EL3,A8Y.8BYtCBYAAYtBAYCAYABZBB8Z CBlAAZ#BAZeCAZtSYTES' AYEXP 20
ZTESTIaZTESrALTESTXOYXOztXEYXEZNQtSYNOO) EXP 30

C EXP 50]

C EXP 60
C EVALUATES THE CONSTANTS FOR THE 'UNCTICIF USED TO REPRESENT THE EXP 70

C X1 VARIATION OF THE 000O4ENTS EP8

C TO OETERM X 2

COPI4ON /MIOLE/ XY21f4)oX12J(4) X14
NSYIIQO.SYMQO EXP 150
I!YTEST=2. EXP 160A

AYTEST-Z. EXP 170
BZTEST=2. EXP IS0O
AlrEST-2. EXP 190
X12JINQ)kXZ2 EXP 200
XY2INQI=XY2 EXP 210

c IF THE PARAMETER --TEST-I, THE CROSS-SECTION IS EILli TMAL FOR EXP 230
C SYM. CASE$ ITERATION5 ARE NOT NECESSARY. EXP 240
C EXP :50)

IF (EY2.EQ.2.J GO) TO 40 EXP 260
t0 IF (EZ2.EQ.2.) GO TO 20 EXP 270

GO TO 60 EXP 280
C EXP 290 x
20 IF (EZI.NE.2.) GO TO 30 EXP 300

BITESTzi. fxp 310
GE12xO. EXP )20

30 IF (EZ3eEQ.2.) AITESTa!. EXP 330
GO TO 60 EXP 340

C EXP 350
40 IF (EYI.NE.2.) GO I'0 50 EXP 360

EYTEST=1. ExP 370
OEY2-0. EXP 380

50 IF (EYJ.EQ.Z.) AYTESTcl. EXP 390
GO TO 10 EXP 400

C EXIF 410
60 TELL=8YTESr*AYrEST*BZTEST*AZTEST*FLOATINSYNMOGJ F.XP 420
C EAP 430
C IF THE -- TEST VALUES ARE ALL al. THE CROSS SECTICN IS ELLIPTICAL.EXP 440
C IF IN ADDITION, NSYMQ021 (FROM TESSI Tl:E QLJA0RANT MUST BE AXISY91. EXP 400
C EXP 460

NS YMQV= 2 C X P 410
IF ;TELL.EC.1Il NSYMCD-1 FXP 480

C EXP 490
C. COEFFICIENTS FOR THE El FUNCTION. EXP 900O
C EXP 510
c BEFCRE COEFFICIENTS Exp 520
C EXP 530

CBZEI-EZI.DE~Z2#Xll-XZ2)*.2.*XZ2sXzz-XZ1O.2-XZ2s.?) E)XP 540
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BBZm-2 .*X12*CBZ,0E12 EXP 550
AB~sEZ I-8BZOXZ -CBZSXZI **2 EXP 560

£EXP 570
C AFTER COEFFICIENTS EXP 580

CEXP 5qO
CAZsIEL2-El3.0EZ2,(XZ3-XZ2))/(Z.*XZ2*XA!3-XZ3**2-XZ2**23 EXP 600
8Aim-2.*XZ2*CAZ-OEZ2 F-10 610
AlEZ 3-BAZ*XZ3-CAZ*X13b*Z EXP 610

C EXP 630
C COEFFICIENTS FOR THE EY FUNCTION. EXP 640
C EXP 650
C BEFORE COEFFICIENTS EXP 660
C EXP 610

C8Y4(EYZ-EYI+OEV2Q(XYI-XY2),/(2.eX12*xYt-XYI**2-XY2*S2t EXP 680
S~bYs-Z.*XY2*CBY+0EY2 EXP 690
ABY-EY 1-BBY*XYI-CBY*XYt**2 EXP 700

C EXP 710
C AFTER COEFFICIENTS EXP 720
C EXP 730

CAYzIEY2-EY3+DEY2*(XY3-XYZ))/(2.*XY2*XY3-XY3**2-XY20eZ3 EXP 740
BAY=-2 .*XY2*CAY.OEY2 ExP 750
AAY=EY3-SAY*XY3-CAY*XY3 **2 EXP 760
RETURN EXP 770
ENDO EXP 780-
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$11SFTC CPIIATE CPAE I R
SUBOUTNE PMAE *RCTHT,XLyETEXTrT,y$BN*CNtDNEh 

CP
C 

CPH 20C DETERMINES THE PARAMETERS O)F flJE EQUATIONS FOR THE CIRCLE-PARASOLA CPN 50
C CONTOUR~S 

CPN 60C 

CP, 70C 

CPRq 00C 

CPM 90DIMENSION INDEXI 51, A(St6f 
CPP 100P1=3. 1415926536 
'.Pgq 110THE.nrHE*PI/teo0* 
LPM 120T"TaTHT*PI/18

0* 
CIPN 130ST*TAN(THT) 
P4 4SE*TAN (TH4E? 
CPR 140AKmRTRC 
CPM 1ISO

C FIND THE POINT OF TANGENCY 
Ct 8

XT=H+ST*RC/S8RTI ST**2.1 
CPM 200YT=RT#RC*( 1.-COSITHT)) 
CPM 210c IF ITHE.EQ.THT) GO TO 10 P20

C 
CPR' 20

C FIND 3RD POINT ON PARABOLA 
C; 4C 
CPR 230XC(YT-YE#SE*XE.ST*XT)/(SE-ST) 
CPM 160IF (XO.LE.Xr3 GO TO 20 
CPjw 270IF IXO.GE.XEI GO TO 20 
CP14 280

IF (YG.GT.YEI GO TO 20 
CPM 300C USE31C USETHE TANGENT POINT AND EXIT POINT TO FIND THE MIDDLE POINT OF CPR 320C PARABOiA. TEST ON THIAT POINT. 
CPR 310C 
CPN 330XH-(XT+XE,,'2. 
CPM 350YHaIYTtYEI/2. 
CPR 3"0XMUIX0,XH)12. 
CP14 370YM=(Y0.YH)/z 
ca.38

CPM 390
C SET UP THE EQU4?IONS FOR FIVE KNOUNS IINCLUDING TANGENCY A~NGLES), CPR 400
C FIVE UNKNO~k C0EFFICIEMjTS OF GENJERAL PARABOLA. 

CP4 410C A~t~X*ECPM 

420
A(1lixeyECPM 

430Alv21Z=XE*.2 
CPPw 440A( 1,31:YE 
CPM 450

Al 1,4)-XE 
CPfu 460A1 195=1. 
CPH 470*(1,6I s-YE*.z 
CPP 480JI 2,1 J=XT*YT 
CPM 490A(Z'2)mXT**2 
CP14 500

bA(293)=Yr 

CPR' 510Ai2t4)zxt 
C POO j20A(2051,1. 
CPu' 530*12,61 -YT*02 
CPu' 540
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A 43, tI ulX4yl
A(3v2J-Xlgj*2  CP" 5504(3t3)cYM 

CP" 560Af3p4laXlg 
CPH 570A(3951=1. 
CPM 580

A ( 3 * ) u - y * * ZC P I M 5 9 0
A ( 4 * ) & ( E + X E S E IC P Ni 6 0 0

A?4*3)-SE 
CPM 620A(4#4)xl. 
CPM 630Al"sSj-o. 
CPM 640A(4t6)8-2.*YEOSE 
C PIP b50A(SoZ I-(vr#XT*ST 
CPM 660A(523u1j2.o~T, 
CPO 670A(593JuST 
CP4 680

A(5*5)-o. 
CPI 700A(5,6)--..z.yr*Sr 
CP4 710CALL CstOVY fA,5, 116.O.INrEX) CPM 730AN=A( 1.Ij 
CPP 730BNZ:A(2,t C1)A74CN'NA(3, ii 
CPO 7S0CNU*A(4,11 
CPM' 70ENUA(5,I) 
CPjw 180

c RETURN CPA' 790
C THIS IS THE SOLUTION FOR A CONICAL. CONTOLR. CPA' bo0C 

CPt' 821010 VE*ST*IxE..XT)+YT 
CPM 830AN-O. 
CPA' 840

SN'i *~sr*zCPM H40CNU0. 
CpA' 860N =Z. *ST (ST*XT.YT I 
C p 8 l0RE NTURNY*22Y*SK'-x*2S7 
CP' 69020 WRITE (6,301 
CPU 900S TOP 
CpA' 4ioC 

CPA' 920C 
c P 0 93030 fORMAT (II4OOXID3H*****ERROR STOP. INPUT DATA HIAS RESULTED IN ACPs' 940IN IMPROPER SOLUTION FOR PARABOLIC W.ALL# CH4ECX INPUT....... CPA' 950E N ODP 

q o
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SISFYC CROUT
SUBROUTINE CROUT lA,N,P,NN,O~rER4, INDEX) CR0 10

C CR0 20
C * **** *S** * .e *ot****O,**O***** CR0 30
C CR0 40
C STANDARD0 CROUT REDUCTION SUBROUTINE FOR SOLVING SYSTEMS OF LINEAR CR0 50
C FOUATIONS - USED BY WALSB2 ROUTINES ONLV CR0 60
c CR0 70
c e**eee**ssee*****s*eee~s*tb**e CR0 80
C CR0 90

CIMENSION A(NqNNI, IfIDEX(N) CR0 100
CET&I.O CR0 110
JI-N-1 CR0 120
JAzN*1 CR0 130
CD 10 Is1,N CR0 140

10 INDEX(Ilms CR0 130
CO 180 Jn1,NN CR0 160

00 100 11=1,1) CR0 170
SUMS0.0 CR0 180
ISINDEX(Il CR0 190I
IF (I-JI 20,60,60 CR0 200

20 IF (11-1) 30vS0v30 CR0 210
30 LLLLaII-l CR0 220

CO 40 K-19LLLL CR0 230
IPPPaIN0EX(g) CR0 240

soA(IPJ)=fA(I#J)-SUfl)/A(IIII SRO 260

GO TO 100 CR0 270
C CR0 280
60 IF IJ-1) 10,90,70 CR0 t790
10 LLLL=J-t CR0 300

CO0 80 KxItLLLL CR0 310
IPPP=INOEXIK) CR0 320

s0 SUHZSUPGA( I,KJ*A( IPPP,J) CR0 330

100 CONTINUE CR0 350
IF (.1-NI 110,181J1U CR0 360I

110 LaINOEXEJ) CR0 310
KA-L ZHU 380
HIGH-A(Ltjl CRfl 390

KZsO CR0 400
00 130 I=Jtjl CR0 410I

JCxI*1 CR0 420
L=INCEXIJC I CR0 430
IF IABSIGIH)-AflSIA(L,J))) 120,130,130 CfW 440

120 HI6I4=AILJI CKO 45o)
KA=L CR0 460

(Is 1 CR0 It
130 CONTINUE CRL. 480

IF (KZ.NE.O) DETa-DET CR0 490
IF (ABStHIGH)-I.E-05I 140,140,150 CR0 S500

140 WHlITE (6,320) NIGI- CRC 510
IS0 00 160 K=1,N CR0 520a

IF CH0 530
IF INOEXIKI-KA) 1609170,160 CRC: 540

160
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160 CO3NTINUE CHU 550

170 IF EP" NEX IJ I CRO 56(0
IN0EXIJ)stNOEX(KK) CRC 5 70
[tjDEXIKK l=ITEMP CR0 S80

180 CON! IfME CHO 590
IF (N) 190,280,190 CR0 600

190 L-N-1 CR0 610
DO 270 JxJA,NN CR0 620

LI. I CR0 630
DO 200 K-1.N CR0 640

IF IASS(A(KtJ))-0.0) 240,200,240 CR0 650

200 CONTINUE CR0 660
lZ& INOEX(N) CR0 670
IF IABStA(I,td))-1.OE-O2) 220,220,210 CR0 680

210 WRITE (6,330) CRU 690
C TU 310 CR0 700

C CH0 710
220 A(1ZvJ~uS.0000 CR0 120

lZIN0EX(N-1) CH0 730
IF (A8SfA(IZN))-1.0E-04) 230,230924C CH0 140

230 AiIZZ#JI=2.50000 CR0 750
LL*'2 CR0 760

240 D0 260 Ij=LLL CR0 770
SUNISO.0 CR0 780
[IIN-IJ CR0 790
ImINCEXI II) CR0 800
LLvII*1 CR0 d10
00 250 KuLLvN CR0 $20

IP*INDEX(K) CR0 830
250 SUN~sSUM4+A( IKJ'AIIPjJ CR0 840

At 19J:sA( I sJ I-SUH I CRO 850
260 CONTINUE CR0 860
210 CONTINUE CR0 silo
280 CETERNUI.0 CR0 880

CO 290 1-1,N CRO 890
K=INOEX(I I CR0 900

290 DETERM=DETERHOA( K, ) CH0 910
CE rERM=DETERM.OE T CR0 920
CO 300 I1,tt CR0 '130
00 300 J=JAghN CR0 940

KnINJDEXIJ) CH0 950
LsJ-N CR0 960

300 A*1,L~zA(K,Jl CR0 970
310 RETURN CR0 980)
C CR0 990
C CR01000
320 FORMAT (48HOTHE PIVOT ELEMENT IS LESS THAN I.E-OS VALUE IS E20, S) CR01010
330 FORMAT 159140 ONLY SOLUTION IS ZERO VECROL020

ICTOR) CR01030
END CR01040-

161



sIbFTC AROS82
SUBROUTINE AROS82 ARS 10

C ARS 20
C I4*e**..**************S******** ARS 30
C ARS 40
C PERFORMb, INITALIZATION CALCAkATIONS FOR AROSUB -- CALCULATES GAPPA ARS 50
C FuCtIONS FOR CONSTANT GA'tHA CASE AND FITS CUBIC SPL.INES FOR TABULAR ARS 60
C DATA INPUT FOR EQUILIBRIUM HOMENTROPIC FL.Ok ARS 70
C SUBROUTINE SPLINE IS CALLED ARS 80
C ARS 90
C *****4e***ees4s***e** @e4O***** ARS IGO

c ARS 110
REAL KTAB ARS L20
COPMON /ARO1/ GAMMA,RGAS,GAM1,GAA2tGAM3,GAM4,GAM5,PTAB(3GhACCf4t3ARtS 130
1o),ROCOI4,30).TCOI4,30),QSCO(4,30),NFOE.NTHERP,I,PS3URC ARS 140
COMMON /ARO2I ATABI3O,2)bROTABI3O,2bPTTAB(30?3.QSTAI3O,21.MTAB(3ARS 150

10) ARS 160
COMMON /CONST/ PI,DRAOOTUG,BIUOG ARS 1?0
NFOEr I ARS 180

C ARS 190
C 4SSUPE TABULAR INPUT IF GAMMA SS LESS THAN ONE ARS 200I
C ARS 210

IF (GAMMA*LE.I.0) NFOE=2 ARS 220
GO TO (10,201, NFOE ARS 230

C ARS 240
C CALCULATE GAPMA FUNCTICNS FOR CONSTANT GAMMA CASE ARS 250
C ARS 260
10 GAP3=GANNA-1.0 ARS 270

GAM2sIGAMMA+1.0) /GAA3 ARS 280
GAM5*2.OIGAPMA. 1.0) ARS 290
GAM4aGAM3/2.0 ARS 300
GAmlxGAM3/GAP1MA ARS 310
RETURN ARS 320

c ARS 330
C FIT CUBIC SPLINES FOR TABUlAR INPUT CASE ARS 340
C ARS 350
20 00 30 Isl*NTI4ERM ARS 360
C ARS 370
C LCNVERT UNITS ARS 380
c. ARS 390

PTAB(I['PTABI IIJt'4.0 ARS 4.00
ROTAB(NTHEPM42)zIROTABINTHERMtl4-RO1ABINTHERP-1,1)3U0ELP ARS 540

ROTABI 1,1 IROTABI 1,11IG ARS 410
OSTAB(I I, IaITAB I )*ATABI 1,l) l"02 ARS 420

C AkS 430
C. TEST FOR END OF TABULAR DP.TA ARS 440
C ARS 450

IF (I.FQ.NTHERH) GO TO 40 ARS 460
30 IF IMTABII).GE.MTAB( 1.13) CALL ERRORS (141 ARS 470
40 CELP*PtAB(?)-PTA&!13 ARS 480

ROTABII,2IaIROTAB(221)-ROTAB(Il1H/DELP ARS 490
ATABI1,?)=IATAB(2,1)-AtA611,1,,/VjELP ARS 500
CS!AB(1,23.(QSTAB(2,1)-QSTABI1,131/OELP ARS 510
TIAB(1,k).ITTAB(2,1)-TTA8(I,91),:oDELP ARS 520
CELPUPTA8(NTHEiP4 )-PTABt NTIER1 ) ARS 530
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AIA8(NTHERP4,2).tATABINrHERN,1)-ATA8INTHERM-t11)/0ELP ARS 50
CSTAB(NTHERNZ)uIQSTABfNTHERgel-QSTA(NTHiEfP-1,S))/DE-LP ARS 560
TrAB(utTHEPj4,Z)(TTA8(NrHERN,1)-TTAB(NTHERM-1,1))/DELP ARS 570
CALL SPLINE (NTHE9MtPTAB#ATABACO) ARS 580
CALL SPLINE (NrHERK,PTAB,ROTAB,ROCO) AJRS 590
CALL. SPLINE (NTHERM,PTAB.OSTAB,QSCO) ARS 600
CALL SPLINE (NTiERMPTABTTABTCO) ARS 610
1=2Z ARS 620
RtETURN ARS 630

END ARS 640-
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SIBFTC IVSW1F
SUBROUTINE IVUR Ivs to

C IVS 20

C IVS 40
C THE INITIAL VALUE SURVACE fSETWORK OF POINTS IS CGNSTRUCTED AND THE IVS S0
C CCACIINATES ARE STORED 19J THE Y AND Z ARRAYS OF COOJMCN /SOLUTN/ IYS 60
c WRITTEN BY R,. CRAIGIN FEB. 1969 IVS T0
c IVS 80
C I vs 90
C IVS 109

CII4ENSION Y11103,2;t Z1I8NZI Rl1183,Z), Sl~I83*2)t RAT10129) IY5 1l0
COPIMDN /30LWNI Y(2tl9&19JZf2,l9,19iUI2,19,14JVI2,9,19).kI2,191YS 120
1.19).P(2,19,l9 oPT(19,L1H(19,19jKLASS(19919I jVS 130
CORMN /CN!RLI 'tNTI,PRENT2,ERRORIVSTYP.ICL*SSNPNTIIJjLLL.IVS 140

ILhSTARTD1ELX9ODELX#KKXI ZIXNAX~0 WS15
COMMN /CONST/ P!tORADBTU,G#STUOG IVS 160
COP1404 /IVS/ XSGe'CYSZXCZSORC#XIVSYCtVStlCIVSIMCIVSgPHlCIVTHECIIVS £70
IVPICIYS,HCIvSRIV'SMIVStTETIV,PSIVPIWSI4IVSXPSORCYPSIRCtZPSIVS 180
2CRC,ALPSRC, BTSRC Ivs 190
COPMON /PLANEES/ NO,1N11,E2.,l2IVS 2O0
OJSUON RIVSI3O)a NIVS(30)o TI4ETMV3019 PTIVS(30,Zi, NIVS13092 11VS 210
I PSIIVI3OI ZYS 220
REAL MCIVS#i4IVSkN1YUHl1NX2,NY2,NZ2 IVS 230
INTEGER PRINtl1,RINT2 IVS 240
xO=XIys IVS 250
yoYe'CZVS IVS 260
l0CZCIVS IYS 270
MP3nNP-1 IVS, 280
CIRXzO.0 IYS 290

CIVS 300
C LOGIC FOR PLANES OF SYNK TRY IYS 310
C IVS 320

IF (NPOS.GE.3) GO TO 40 IVS 330
ICLASSw4-NPOS !VS 340
hPOS1SNPOS~t IVS 350
GO TO 110i20,0)t NPOSl IVS 360

C IVS 310
C Ne PLANES OF SYAAETRY -- AN N1T BY' NT UE~hORK IS CONSTRUCTED IVS 380
c IVS 390
10 ASfCT=2.0*PI IVS 400

NP 1=180 [VS 410
K N4 1 IVS 420
1KNuZ IVS 430
K I * IVS 440
N0X2SNp-t IVS 450
GO TO 50 IVS 460

C IVS 470
C I PLANE OF SYMMETRY -- A% NT BY NP NETWORK IS CONSTRUCTED IVS 480
C IVS 490
20 ASECT-PI ivs 500

&Pl=180 IVS 510
KN~1 [VS S20
IKNSZ IVS S30

I E4



KIN4 IVS 540
RO=2MP-1 IYS 550
GO TO 50 Ivs 'i60

C IVS 570
C 2 PL ANES OF SYPRETRY -- AN N~P BY NP NETWCRK IS CONSTRUCTED Iv's 580
C IYs 590
30 ASECT-PI12.o IVS 600

ftP 1290 KYS 610
RASE£ IVS 620
KHM1 IVS b30
K £-? IVS b40

NO-fip tv 650
GO TO 50 IVS boo

C IVS 670
C 3 CR "ORE PLANES Of SYPRNETRV - AN UP By NP TRIANGULAR ARRAY IS IVS blsO
C CCUSTRUCTED Ivs 690
C lYS 700
40 ICLASSz1 Ivs itO

ASECTmPIl/Ft0AtINPOs) I IV 170
kPla6a JYS 710
%moo IV! 740
90-~1 KYS 750

%1*1 IV$ 160
scozfNp IV$ 770

CIvs 19
C I ESTIF4ATEO BOUNDARI P0123TS LtE ON AN INSc-RlaEI CtRCLE OF RADIUS 9 IVS 190
C IVS B00
50 6*0.1 JYS 810

SkI 1,1 IO.O IVS 820
X~j IVS 830

C IVS 840
C A TABLE OF BOUNDARY POINtTS IS CONSTRUCTED0 SIPkG WALSUB IN ORDER IVS d50
C TO DEFINE THE C014TOUR PERIMETER AT THE INTIAL VALUE SURFACE IYS 860
c Ivs 870

hP112ktp141 IVS 880
kP2923NP 1.2 lYS 890
DU 70 tu!,t4PIl lvs q04

TwAS6CTSFLOAT(I-1 1/FLOATINPl) Iy 9' 10
DIAZsSIN(t) Ivs 9?0
CIRYUCOSI Tt IVS 930
VII IOK)ZR40IRY.y0 Ivs 940
LI I IKaR*DIRZ#Zo IYS '150
CALL WALSU8 (XOtYliI,KIlI(If,K).,)IRX.OZRY,DIRZI IVS 9c*0
it(IK)sS0RTf('YI(3.KI-V0)*02,ILI(I.KJ-Z0)ee2 4S 970

IF 11-21 70#60060 IllS 980
C IllS ')90
C APPROXImATE THIE PER114CTR~ BY A SERIES OF CHORDS IYS1000
C lyl101

1 !-l.Ki I VS .C30
70 CONTINUE I VS 1040

co La0 NmI,NP3 IVS1050
IF (h.EO0.11 GO TO 100 1 VS 1060

9. I VS1070
SI . liwo.0 lYSiOSO

C lviVoq09
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Ci DIVIDE RADIUS INTO INCRE14ENTS FC~q INNER LEVELS V1O
C IvsII 10

RArI0(F43uCOS(FLG3AT((NM).PI/4.+FLOAT(I-KM)eIPI/2.-ASEC13.(FLCAT(KIVS1120
I M)*Pl/f4.+FLDATl1-KM)*ASECT3*IfLOATtN-1)/FLOAT(INO-lJ/i(N)))CS(IVS1I3O
2 FLOAT(K9IJ'PI/4.4+FL0AT(I-KM*I(PI/2.-ASECT)) Ivs~l1-O

C IVSII5O
C NPI INTERIOR POINTS ARE CONESTRUCTED FROM THlE NPI BOUMlARY POINTS 1VS1160
C - IVSlITO

D0 90 Is1,NPl IVSIIMO
TxASECT*FLOAT( 1-t. /FLOAT(ft?1) tVS 190

RlIK ,'Rti0'l*R1S(I1Y IVSIZOO

Z1UjK)=RI (IvK).SIN!r).2o IVSL220
IF (1-2) 90,0,*80 IVS1230

c IVS1240
C FIND PERIMIETER OF INNER LEVELS IVSIZSO
C I VS1260

I SlU'-ItKI IvS1280
CO CONTINUE IVSI290

100 0ELS2=SI(NPIIKJ/FL)AT(KI*INP-NI1 1VS1300
SZ=O.0 IVSI11

C I vSi320
C THE COORDINATES OF POINTS LOCATED AT EQUAL INTEftVALS Orr ARC LEKGT#4 1V51330
C ALCNG THE BOUNDAZY DR ALINC INTERIOR CURVES :EOMETAICALLY SIMILAR IV5134.O
C TO THE BOUNDARY ARE FOUND IVSL350

C 1vS 1360
M-0 IVS1370

NPP=NP-N IVS1380
NPNISNPI I 1VSt390
IF (NPOS.EQ.0) NPrtlzNPI IVS1400

C IV51410
C LOGIC TO DETiRKINE INDICIAL COOAOINATES OF POINTS lieS1420
C IVS1430

DO 170 IZ1,NPN1 Iv51440
IF IP.LE.NPP1 GD TO 110 I VS1450
IF (PI.LE.3*NPPI GO TO 120 1VS1460
IF (N.LE.5*NPP) GO TO 130 IVS1470
IF (N.LE.IVNPP) GO TO i4o IV%1480
h 1-.1 I VS14.90
NJ-NP -F*8*NPP IVS1500
CO TO 150 IVShlO1

C IvSlS?0
110 N' lI 513

NJ=-NP-h IVS1540
GO TO 150 IVS1550

C 1V51560
120 h1=M#2SN-NP IVS1i170

rNj~m IVS1580
GO TO 150 ls~i

C 1v51800
130 NISzON-p.N 1V51610

NJ=M* H1-3 *NPP IVS 1620
CO TO 150 IVS 1630

C IVS1640
140 %I=N-M+7*NPP I VS 1650
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Nj-,2*NPP I VS 1ib0
150 CONTINUE IVS1670

IF (I.EQ.1) 60 TO 170 IVS1680
IF (S2-SI(IsK)l 1609160,170 1VS1690

c IVS1700
c CALCUJLATE VIZ COORDINATES 'It POINTS 1 VS 1710
C 1VS1720
160 YC1,NINJ)=EYliIK)-YI(I-1,Kfl*I (S2-SI(I-1,K) )/(S51KI-S1( 11VS1730

1 -1,KII I*YI(I-1,KI I VS1740

I -1#Kl))+ZI1-19KI IVS1760
C IVSI1770
C CALCULA, . WITIAL DATA AT THE poif4T  IVS1780
C IVS119O

CALL INVALS (NI,4iJI IVSlt50
S2=S2.OELS2 IVS18IO
MXM+1 I VSI8?C

170 CONTINUE IVSIB30
180 CONTIN"iE I VS 1s',
C IVSI850
C COCROINATES AND INITIAL DATA AT CENTRAL POINT IVS1I860
C 1VSI87O

Y( IgNP*NPI=YO IVSldlSO
l(1,NPNP)xZln IV S1890
CALL INVALS .. 'P, NP) I vs 1900

C IVS 1910
C RETURN IF NO PLANES OF 3YI'NETRY IVSIOO
C I VS1930

IF IICLA PS.FQ.4) IETUR4 I VS19)40
c I VC1950
f. -REFLECT POINTS WITH RESPECT TO PLANES OF SYPMETRY IVS1960
C IVS1970

CALL REFLCT (LI I VS1980
GO TO (190v210#2401, ICLASS IvsIt~OO

C I VS'000
C REFLECT PROPERTIES PT AND H FOR PLANES OF SYMMETRY IVS201')
C I VS2020
190 KP1=NP-1 tVS2030

EO 200 1=19NP IVS2040
PT (ItNP*1I)=PT (I,NP1I I VS2050
H(IgNPID~xH( 1,NPI) 1 VS2U60
P11 14!,! !PTI 1,1+1) IV%2070

200 HiI+1I)aHltpI+1I I V52080
PY(NP+IPNPI i=PTINPItNP+I! I VS2090
I4(NP+19NPI )=H(NPI,NP*II I VS2100
PT(NP41,NP*tI)=PTINP+1,4P1I IVS21 10
24(NP*1,NP+IV=HINP'lNPI I I VS2120
PT(LiNP+2)-PT(I9INP-2) I VS2130
HiloNP42)xHE 1,NP-2) I VS2140
Pr(3tlI=PT(I93) IVS2L50
H13.I)xH(1,3) IVS2160
RETURN I VS21 70

C I VS2180
4C 2 PLANES~ OF SVMMETRY [VS?190

C I VS2200
210 NP22NP+.IS21
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CO 220 Iul,NP
PT(ItNP#L)PT(I,NP...l I VS2220

PT( I,NP*2ju.%TII,NP-2) IVS2240
220 PItNP+2)uH:'q..21  IVS2250

CO 230 I-1,NP2 I VS2260

HINPIgl)H(NP1#1)IVS2280

PTINP+2*j)sP(NP-.2t1) IVS2290
230 H(NP+2,1)-H(NP-.2,I) IVYS2300

RETURN I VS2310
C IVS52320
C I PLANE OF SYMMETRY IVS2330
C 11S2340
240 KP2=NP+2 I VS2350

CO 250 I-1,NT I VS2360
PTEiftNP*II)-PTII,NP-1.) IVS2370l
H(19 NP+J )=HI j P-1) IVS2380
PTI !,NP2)xPT( INP-21 I VS2390

250 H(1INP2)-SH(,DNP-2) IVS2400
RETURN IVYS 2410
END IVS2420

I VS2430-
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SOR1GIti 8

SUB~C ROUTIN PRNIVS PH 1 10

c PRI 2C
C P14I 30
C PHI 40
C PRINT OUT INITIAL VALUE SURFACE ANt) INITIAL THRISr PARA'ErFfiS i"! !)o
c PR! 60
C ~ * PHI 10
C PR! 80

COI'MDN /SOLUTN/ Y(Z,19,19),Z(2,19,19),L(2,19,x9),V(2,9,919),$%(2,IqPgI 90
l,191,P12, 1t9,'),PT(19,19),H( 19, I)hKLASS(t9,19) PR! 100
COVA4OM /CN1'RL/ PRINTiPRINT2,ERROR,IVSTYP,ICLASS,NPNTII.JJLLLP4l 110
INSTARTOELX.ODELXKKX( Z),jMAX,NOJ PHI 120
COPMDN /XRGLt/ R$(2, 19, I9),DX0L(2,19,15),EXCNtTRDLXMN~i'-,NNN,%SAFPH! 130
ITY PRI t40
COMMO0N ICCNST/ P19DRADtBrUPGtBTUOG PH! 150
CUPD4ON /IVS/ XSDRCYSO~C,tZSORCXIVSYCIVStLCIVS,NCI VSPHICIV,TtiECJPMI 160
1V,PTCIVS,HC1VS,R1VS,~IIVS,THET!V,PS!IVPTIVS,HIVSAps0RC,YPSCRC,ZPSPR4I 110
2ORC#ALPSftCoETSRtC PR180I~
CO'940N /IH~RUT/ AREAAREAT,FMASS,XTHRI iYYHRI,l1HRd,XTHRpYTHR#lt0HtXPMI 190)
IPOMT,YM0MT,lM0MT ,PAMB,FMASSIRMASS PHI 200
INTEGER PRINTI,PRINT2 PHI 210
NPRNT=PRINTI.1 P14I 220
LINE*1 I PH! 2310

CPHI 240
C PRINI OPTIONS,NPANr - ,THRUST DATA AND ALL POINTS PRINTCO PKI4 250
C. 2, THRUST VATA AND 8GLINUARY PCINiTS PHI 260
C x3, THRUST OATA ONLY PRI ?1
C PRI 280

GO TO (10#40,80)1 NP914T P'4! 290
10 WRITE (6,ICO) XIVS PI4I 300

WRITE (6,140) ARA#MS#TRYHtTRXOPoPMoMM P141 310
WRITE (6,150) P141 310
WRITE (6,110) PHI1 310
WRITE (6,120) H 4

J2=NP PHI 350
IF (ICLASS.EQ.4) J2 NO PH! 360
CO 30 1=1,NOPRINT2 Pk~i 370

JI= 1 P14! 300O
IF (ICLASS.EQ.1) J1if PHI 390

CO 30 JzjloJ2tPRINT2 PHI 400
IF ILINE.LE.54) GO ro 20 PH! 410
WR1TF (6,100) XIVS P14! 4201
WRITE (6v110) PHI 430
WRITE (6#120) P141 440
LINExl P.41 450

20 LIN&-ZLINE*1 PH! 46")
rOLP=PT(It J)/ 144.0 PR 410
TOLH=H( I,Ju/BrUOG P.4! 4d()
WRITE (6,9130) I,J,Y( I,IJ),Z( 1.IJ) ,H!2,I J),1(2t,j),Y(2,1,J) PM! '0

I V(2,I,J),P(2,!,j),U(il#IJ)VUIlJlrWgI,!,J),TOLPTOLH PHI 1),00
30 CONTINUE PHI 510

Ga TO 90 PHI 520
C PA I 530
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C THRUST DATA AND !OUNDARs POINTS PRI 5,4C
C PRI 550
40 WRITE (C-0003 XIVS PR! 560

UR IFE (6*140) AR EAT wFKA S57 THPY fR.ZrlR XMOF T YNMHT ZNMTM Pat 570

kgl;E (6s160) PRI 580

WRITE t6#110) PRI 5-0
WRITE (6,120) PR! 600
J22NP PR! 610
IF (ICLASS.EQ.4) J2xN0 PR! 620
C~O 70 Iwl#NO,PRINT2 PRI 630

ia PR! 640
IF (ICLASS.EQ.1) .31=! PR! 650

CO 70 J=JIJ2#PRINT2 PR! 660
IF (I.Ea.O.R.J.EQ.1) GO TO 50 PK! 670
IF if.EQ.ND.OR.J.EQ.NO! GO TO 50 PR! 680
GO TO 70 PR! 690

C PR! 700
50 IF tLINE.L.E.54) CC TO 60 PR! 710

WRITE (6,100) X!VS PR! 720
WRITE (6,1101 PR! 130
WRITE (6,1201 PR! 740
I.INEw 1 PR! 750

60 fOLPsPT(Ij)/144.O P'RI 760
LINE-LfNE+l PR! 770
TOLHnH( !.J3/StUOG PR! 780
'4RITE (6, 130) !,Jy! 1,! ,l( 1,IJ) ,W12,! J) ,112,I ,JhYit,JbtPRI 790

1 V(2,!,J),P12,lJJhU(1,IJJV(IlJ1,W(1IjlJ)TOLPTOLH PR! 800
70 CONTINUE PR! 810

GO TO 90 PR! 820
C PR! 830
C THRUST DATA CNLY PR! 840
C PR! 850
80 WRITE (6,100) XIVS PR! 860

WRITE fo,140) AREAT,FM&SStXTHR,YTHR,lTHRtXMOPT.VP0M4Tzm0MT PR! 870
90 WRITE (6,1703 MMMNNNSAFTYPOELX PR! 880

RETURN PR! 890
C PR! 900
C PR! 910
100 FORMAT (IHI*5Xtl4H!N!!IAL DATA -tIOXt3HX wt2X9F8*4*lX,4H(IN)I PR! 920
110 FORMAT (IHO,10X,1H!,Zk,'HJ,6X,1HY,8X,1HZ,8X,1HfM,8X,1HQ9qX,1HP,7X,3PRI 930

1HR0O9X t IHT 99X 1HU91 OX9 INV, BXv IHW# 7X t2HP 19BX 9INN) PR! 940
120 FORMAT (II ,18X,4H(!N),5X,4H!1N),12X,834(FTISEC3,1X99(LOF/1N2J.2XPRI 950)

19Hft6M/FT3),2X,7f9(DEG 4j,3Xt8H(FT/SEC)t2X,8H(FT/SECJIXtBIFT/SEC)PRI 960
2r9H(LBF/!N2) ,1X,9H(8lU/L8M)/) PHI 97c

130 FORMAT (IN ,9X,2IX1X,2,2XtF7.42X,F7.42XF,o3,2XF.1.ZX,F8.22.PRI 980
1,Ei0.4t2XoF7.1,2X,F8.1, 2X,F8.1,iX,F7.1,2XF?.1,2XF8.1) PR! 990

140 FORMA T (INOH OX0#,17HTHRJ ST PARAME TER S/ /IN t ! 0 Y 2HCROSS SECT!ICN ARE'PR 11000
LA n,2XFiO.4,2X,7HflN**2l,4XIllMASS FL.OW =,?XFIO.4,ZX,9H(L141ScCPR(IOI0
2h//ilH #10X,9HXTHRUSr -,2XF9.2,lX,5H'LBF),67,9NVTHRUST u,2X#F7.ZPRlI0OO
31X95111LeF),6Xt9HZTl!~RUST -,2X#F7.2,IX,5H(18Fl,i/IH ,10Xt9HXPO09T =PRtI3O
4,2X,F9.2,lX,8H(FT-LBF), 3Xt9HYMOMT =,ZXF7.2,IX,8H(FT-LBFI,3X,'HlPRI1O4O
SP0O4T =,ZXtF7.2#IXv,8H(FT-L8F)) PR! 1050

150 FURM4AT t1NOt10X#37H8U4O3ARY AND INTERIOR FLO% PARAMETERS) PR! 1060
1E60 FORMAT ( iHOtLOX, 24HBOU'IUARY FLOW PARAMETERS) PR!107)
170 FURNAT (1940,IOXt27HXSTEP REGULATION PARA9'ETERS/IH t1OX#19HLIF!TINPR!1080

IG POINI I ,lX#12,5, ANlXt3HJ -,lXt12#5Xl6llSAFETY FACTOR - ,FPRtIU90
?10.5,5xql0HDELTA X a J1IO.4) PR! 1100

E940 PR! 1110-

170



S1BFTC INtXRG
SUBROUTINE INTXRG 1MG 10

C 1MG 20
C ************ .$*~***0******@*.** I G 30
C IRG 40
C ESTABLISHES INITIAL XSTEP TO BIE USED BY SEARCHING INITIAL VALUE IRG 50
C SURFACE FOR THE MOST RESTRICTIVE POINT IRG 60
C 1MG )O
C 1MG 80
C *e***O .**** **e*e*******4***s** I RG 80

COPMON /SOLUTNI Y(Z,19919),L(2,19,191,L(2,19.19,VZ,1919),g(2,191RG 100
1919),P12,I9,191,PT(19,193,H119,19),KLASS(19919) 1MG 110
COPMON /CNTRL/ PR1NTI.PRINr2,ERROR,IVSTY,-,ICLASSNP,NTII,JJ,L,LLIMt~ 120
IhSTART,OELX.OOE.X,KK,XI 21,XMAXNO IRG 130
COMMON /XRGLT/ p.Mi? 19, 19hLDX.I.(2.9,9)EXCNTR.OELXMN,PPMPNN,SAFIRG 140
IVY IRG 150
INTEGER FRINTIoPnINT2 1MG 160

C 1MG 110
C LOGIC FOR DIFFERENT NUMBERS OF PLANES OF SYPMETRY IRG 180
C IRG 190

GO TO 110,0,930,40)l ICLASS 1MG 200
10 CONTINUE IRG 210
20 tI=NP IRG 220

J.JsNP 1MG 230
GO 10] 50 1MG 240

C 1RG 250
30 II=NT 1MG 260

JJ=NP 1RG 210
GO TO 50 1MG 280

C 1MG 290
40 IIzNT IMG 300

JJsNT 1MG 310
50 CONTINUE IRG 320

ru 150 Intel[ 1MG 330
J11I IRG 340
IF (ICLASS.EQ.II J1~I 1MG 350

CO 150 J=J1,Jj 1MG 360
C 1MG 370
C CALCULATE STEP SIZE RAT13 AT POINT FROM MACH NC. STORED IN W(2,1,J) 1MG 380
C ANC Q STORED IN 1(2,1,J) 1MG 390
C 1MG 400

OXOLI 1,I,J)=U( 1, 1,JI**2/Z(2, I.J)*?.SQRTlhI2.IJ)es2-I.1.O-S(RrIRG 410
1 (ASIZ(2, 1,J)**2/U(1,IJ)**2-1.Cfll IRG 42r2

C 1MG 430
C LOGIC FOR SELECTiNG NEIGHBORING POINTS 1MG 440
C 1MG 450

RSM=O.0 1MG 460
MM1zI-1 IMG 410
MM2=1*1 1MG 480
il.%!-J-1 IRG 490
NN2-J~l IR1G 500
IF EI.GT.l3 GO TO 60 1MG 510
MM Il k1G 520
MM2--3 1MG 530

60 IF II.LT.NT) GO TO 70 1MG 540
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MM~xI-2 RG 550
MMZ= I RG 560

70 IF IJGT.I) GO TO 80 ERG 570
NN12S ERG $80
NN2-3 ERG 590

80 IF EJ.LT*NT) GO To 90 ERG 600
NNL=JJ-2 IRG 610
NN2-JJ ERG 620

C IRG 630
C SEARCH FOR MINIMUM OISTAWC TO NEIGHBORING POINT ERG 640
C ERG 650
90 D0 110 KmM1,1M2 ERG 6601

00 110 NaNNIoNN2 IRG 670
IF IK.EQ.I.At:D.N.EQ.J) GO TO 110 ERG 660
RS2(Y(1,KN)-YII. IJ))*S2+(ZltdtN)-L(1IlJ33*f'2 ERG 690
IF IRSM.EQ.0.03 GO TO 100 ERG 700

IF (RS.GT.RSM) GO TO 110 ERG 710
100 RSM=RS ERG 720I
110 ZONTINUE ERG 130

RM( 1eIJIBSQRTIRSM) ERG 740
RM(2ploJI=RMI,I.Jl ERG 750

C ERG 760
C CALCULATE THE ESTIMATEC KSTEP Ar THE POlftT ERG 770
C ERG 7b0

OX=RMllESE*DX0LI9, EJ) ERG ?93
C ERG 800
C SEARCH FOR THE SMALLEST XSTEP ERG 810
C ERG H20

IF (DELX.GT.0.0) GO TO 120 t'r 030
OELXMNzOX ERG bi40
OELX=OX IIRG 850
MMM~ 1AEG 860
N.NNzJ EI IG 870
GO TO 140 111G 880

C E RG 890
120 IF bOx.tr.DELX) GO TO 130 1i~ W' co

GO TO 140 ERG 9:0
C ERG 920
130 DEIXuDX IEits 930

OELXMN=DX ERG '140
MMMC I ERG 950
NNN J ERG 960

140 CONTINUE I ml 970
150 CONTINUE ER'; 980

COELX-rELX ERG 990
C IRG1OOO
C MULTIPLY ESTIMATED XSTEP BY THE SAFTY FACTOR EHG101O
C 8Etr, bBo
C tRG 1020

CELX=OELX*0.64 tR01030
RETURN ERG IL 0
E NO TAG 1050-
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6!BFTC LABAL
SUBROUTINE LABAL LAB 10

C LAB 20
C ******e**e*Oe******* *******~*O@ LAB 30
C LAB 40
C ASSIGN LABELS IN ARRAY KLASS TO EACH POINT. THESE LABELS ARE USED LAB 50
C BY INTERP TO DETERMINE WHICH POINTS TO USE FOR FITTING LEAST SCUARE LAB 60
C POLYNOMIALS. THE LABEL CONSISTS OF TWO DIGITS9 THE FIRST GIVING LAB 70
C THE NUMBER FOR THE ONE-EIGHTH SECTOR OF THE GRID IN WHICH THE PCINT LAB 80
C IS LOCATED (1-B) AND ThE SECOND INDICATES THE TYPE OF STENCIL IC USELAB 90
C IN INrERP (1-9). LAB 100
C LAB 110
C **e*s****e*****s********6*e***e LAB 120
C LAB 130

:OPMON /SOLUTN/ Y(2,19,19),Z(2,19,191,L(2,19,193,V(2.19,193,bk(2,19LAe 140
hS19IPf2&19.19)tPT( 19tl93,H(19,19) ,KLASS(19,193 LAB 150
COMMON /CNTRLI PRINTIPR1NT2,ERROR,IVSTYPICLASS.NP.NTII,JJLaELLAB 160
INSTART.DELXODELXKKPX( 2)vXHAXNO !.AB 110
INTEGER PRINT1,PRINT2 LAB 180
PIsNP LAB 190
11-NT LAB 200

C LAB 210
C LAeEL THE FIRST ONE-EIGTH SECTOR OF THE GRUD LAB 220
C LAB 230

KLASS( 1,13=21 LAB 240
KLASS(2,2)=16 LAR 250
KLASS(1,21s12 LAP 160
CO 50 Jz3,Ml LAB 210
CO 50 1=1,j LAB 280

JJJR(M1-1 3/2+(l1*1/2 LAB 290O
IF (l.EQ*1.AND.J.LT.JJJI GO TO 10 LAB 300
IF (I.EQ.1) GO TO 4.0 LAB 310
IF (I.EC.J) GO TO 2D LAB 320
IF IJ.LE.JJJ) GO TO 30 LABS 330
KLASSI I,.) 319 LAB 340
',' TO 50 LAB 350

C LAB 360
10 KLASS(19J)=13 LAB 370

GU TO 50 LAB 3810
C LAR 390
20 KLASS(I,J)a16 LAB 400

GO TO 50 LAI$ 410
C LAB 420
30 ALASS(I,J3=15 LAB 4 30

GO TO 50 LAB 440
C LAB 450
40 KLASS(I!JI-14 LAP 460
50 CONTINUE LAB 470

KLASS(1-1*M1-' ) =7 LAB 480l
C LAB 490
C LABEL THE REMAINING ONE-EIGHT SECTORS OF GRID BY REFLEC7ION LAB 500
C LAB 510

IF (ICLASS.EQ.13 GO TO 120 LAB 520
CC 60 Jx2tMl LAB 530

JI=J-1 LAB 540
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C U b0 '=ls1 LAI 55M
KLAjSIJI 3=KLASSI Ilj 910 LAB 560
IF IICLASS.EO.21 CO TO 60 LAB S10
IIl211+l- I LAS 580
I112=11+1-J LAB 590
o(LASSI 11291 D=KLASSIR ,JN#2O LAB 600
KLASS(II1J)xKLASS(I .JI*30 LAB 610
IF tICLASS.EQ.3) GO TO 60 LAi 620
KLASS(Itt112)RKLASS119J)+40 LAB 630
KLASS(II2qII1I=,LASSIItJ).5O LAB 640
KLASSfJI1)=tLASjlI J)460 LAB 650
I(LASS(Iv11II)KLASSfI J3.7O LAB 660

60 CONTINUE LAB 670
C LAB 680
C LAeEL THE DIAGONAL ELEE4TS LAB 690
C LAB 700

PIML=Ml-l LAB 710
ED 80 I=2tPMIi LAB 720

IF IICLASS.EQ.2) GO TO 8O LAB 730
I1111-! LAB 740
IF (ICLASS.EO.33 GO 10 70 LAB 750
KLASS(IIti3=KLA5I(Igt),60 LAB 760
KIASS(I 11,111 =KLASS (1,1 340 LAB i70

70 KLASS! 111,1 3KLASSI, I 320 LIB 780
80 KIASSI J,1 3=KLASS( 1,Il LIB 11 790
C LAI b00
C CORRECT THE LABELING FOR SPECIAL CASES LAB 810
C LAB 820

IF IICLASS.LT.4) GO 10 100 LAB 830
Ni.M-1 LAB 840

CU 90 If1NN LAB 850
C LAB ubO
C CORR(ECT LAST COLUMN OF SECTOR R TO SECTOR I LAB 870
C LAO 880
90 KLASSii,MlI=KLASS(IPl)-70 LAB o90
100 IF (ICLASS.tQ.2) GO TU 1.10 LAB 900
c. LAB 910
C LAeEL CORNER POINTS LAB 920
C LAB 930

KIASSI 1,113:81 LAB 940
XLASSI 11,111.61 LAB 950
KLASS4 113=41 LAB 960

C LAB 910
C CEhTER POINT STENCIL FLR 0, li OR 2 PLANES OF SYN4MEWfY LAB 980
C LAB 990
110 KLASSIR,P81)-18 LA8IOOG

RETURN LAOB1010
C LA B 120
C CEKTEK POINT STENCIL Ff1R 3 OR MORE PLANJES OF SIPMETRY LARIVI13
C LAR1040
120 KLAS(IM,M)sI9 LABIOSO

RE TURN I.AB LO6O
END LARIoTO-
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$ORIGIN A
StSF'C GRAIN

SUBROUTINE BRAIN SRf 10
C OJRA 20
C *e*ee4*b**ese** **9************ BRA 30
C BRA 40
C CC&TROLS I#J*EGRATION BETWEEN SUCCESSIVE SOLUTICN SURFACES BRA i0
C BRA 60
C ****,*******A***St$~4~e*0 BRA 70
C BRA B')

CO'PMON /SOLUTN/ YIZ,19,191),ZI2,19,19),L(2,19.l9hV(Z19193,,(219B4A 90
iLg),PtZ.19,19),PT(1V,,19).H(19,19),KLASS(19,19I BRA 100
COMMON /XRGLT/ RNI2,l919),lOXOL(2~919J.9EXCNTROELXNvPl*qtNNSI-BA 110
try baA 120
CO'I4ON /CNTRL/ PRINTIPRI$AT2,ERR0RIVS!YP,ICLAS~,NPNTili,'-*L.LLs0RA 130
LNSTAR(,OELXOOELX4 KKX( i,.VMAXNo BRA Z40O
COPMON /THRUT/ AREk:AREAT.FNASSXTHRIY13Rl.ZTHRIAtHRYTNRtZTNR.X0RtA 150
IPOM7,YMDMT.ZMOMT ,PAMB.FM4ASSIRMASS BRA 160
INTEGER PRNTI,PRNT2 BRA 110

C BRIA Iu0
C IF NSTART IS .LT. ZERO, 10G TAPE IS REQUIRED BRA 190
CIF t4START IS .EQ. ZERO, A NORMAL START IS MADE hIllm tiHE SOLUTICh BIRA 200

C STORED CN TAPE ORA 1210
C IF NSTART IS .GT. ZERO, START FROM TAPE BRA 220
C BRA ?30

IF (NSTART.GT.0) GO TO 60 8It 240
z BRA 250

C SET INDICIES FOR PLANES 3F SYMMETRY CASES OKA 260
C BRA 270

GO TO (10920#30,40), :CLASS ORA 2tj0
10 CGNTI~tUE BRA ?90
20 111.tAP*2 BRA 300

JJL=NP+2 (sKA 310
Go To so BRA 320

C ['A 330
30 IlL-NT (3UA 34()

JJ INp*? I.Rt. 310
CO TO 50 isK 3 6.

C P PA )310
40 II'.-NT hRA 31,0

JJIaNT OKRA 390j
50 CONTINUE 1sA4t 400

IF (NSTART.Lr.O3 GO TO 140 BR~A 410
hSTARTrO BRA 4?n

C BIRA 140

C NEh START (isA 44i0
C BrgA It 0

REWIND 7 BRA 460
C BRA 470
C WRITE TYPE AND SIZE OF MARAYS ON TAPE 39A 480
C BRA 490

WRITE (7) ICLASS.NP,NTFMASSI BRA 500
GO TO 140 BRA 510

C BRA 520
C START FROM TAPE BRA 530
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C BRA 540
60 REMIND 7 BRA 550
C BRA 560
C READ TYPE AND SIZE OF ARRAYS FROM TAPE ORA 570
C BRA 580

READ 171 ICLASeNPItNTI,FXASSI BRA 590
IF fiCLAS.NE.ICLASSI CALL ERRORS 115) BRA 600
IF t"P1.NE.NP) CALL ERRORS 115) BRA 610
IF INTI.NE.NT) CALL ERRORS 1151 BRA 620
GO TO (7000, %1001.p tCLASS BRA 630

70 CONTINUE BRA 640
80 IllsNP+2 BRA 650,JlISNP*2 BRA 660

GO TO 110 BRA 670
90 hh1*NT ORA 690

JJLSNP*2BRA 700
GO TO 1t0 BRA 7t0

C BRA 720
100 fig1NT BRA 730

JiiiTm BRA 140
It0 CONTINUE BRA 750
C BRA 760
C START TAPE SEARCH BRA 770
C OKA 780

hoRITE 16.2201 NSTART BRA 790
CO 120 N-1,1O0 BRA 000

READ 171 XK-X(21MMMNNNSAFTY,OELXI.NDELXRMASS,( 1Y12,IJ1.L(28RA 810
I ,1,J1,Ug2,1,J;,YI2.IJ1,W(2. IJJP12.1.JJRN4(1.I J),OXDL(2,IJ184tA 870
2 .1I-l1 IJixJJ1) BRA 830

WRITE (6,230) RK BRA 840
Ir (KK.EQ.NSTART) GO T0 130 BRA 8so
IF (KK.EQ.N) GO TO I2C BRA 860
CAL- ERRORS (-%I BRA 870

120 CONTINUE BRA ml80
WRITE f6,2401 BRA 890
GO TO 210 BRA 900

C BRA 910
C BACKSPACE AND REREAD PLAIES TO START INIEGRATICH BRA 920
C BRA 930
130 PACKSPACE 7 BRA 940

eACKSPACE i BRA 950
READ 171 KKX2,M*I*ATEX4PE~RAS(Y~tJt(otR 960
IJIU12,IJ)PVI2, lJ),wI 2,XJ1,Pz, Iti) ,RP(1.iJlO 'L12#,J),IuIICRA 910
21lI,J=1,jjI I BRA 980
(VEt' sCEL X ORA 990
READ (7) KKX(1),tNMN'4NtSAFTYDELXM.OELX.RPASS,((Y(1,IJ).Z(l1,,RAIOOO

2I11,.1~JJ11 RA 1020
EXCNitkaO BRA1030
L.2 BRA 1040
LL-l BR Al (1 t

0>'CN NTALVLESFC BRAIDb0
C CALCULATE THRUST ADPRINT ITALVUESRCEBRAIO

CALL TH~RUST BRAIO-30

CALL PRNOUT BRA II 00



140 Lal BRA1l 10
LL-2 BRA1120Q
IF (NSTART.LT.O) Go TO 150 BKA11 30
NSTARTxNSTART. I B#1A1140
PSTART=NSTART BNAZISO
GO TO 160 BRA1160

C BRAII 10
ISO 10START&I, 81kAIIJ0
160 00 200 KK-PSTAR9100 IjNAA1190

X(LL)sXIL )*OELX BmA1200
C BRAL2 10
C SEE IF END OF NOZZLE HAS BEEN REACHED BRA1220
C ORA-1230

IF (X(L).EQ.XI4AX) GO TO 210 SKA1240
IF (XILLI.GT.XMAX) GO TO 110 BkA1ZSO
GO TO 180 BRA 12o~3

170 X(LL) Xv4X 8MA12 10
DELXzxM (-XIL) ORA 1? 40

to0 CONTINLE BR.A I3ut
C 5kA~I 10

C INTcGI&ATE OVEA iOUNOARIES AND INTERIOR SkA1320
C BF1A 13 30

CALL BOU14DR BRtA1 ,(J
CALL INTER BRM s5(;

C iI 3l
C CALCULATE NEW XSTEP e.C .x s

CALL XRGLTI (L,LL,I,J) j~i;
C i't 4 1 I'0 0
C CALCULATE THRUST PARAI4ETERS P-HAiL, I'
C P .12

CALL THRIUST o.1sI

C

IF (ICLASS.LT.41 CALL REFLCT ILL) ±-
IF tNSTART.LF.01 GO TO 190 b.414~o(J
WRITE (Il l .XL~MP*NvSFYDLPYFX:tA CYL, ,)9";,14i'J

I Z(LLIjhvU(LLtlJ).V(LL, ,J2,W(LLIJ!,ILLI.J)RPIL,Ij),X0~bI'-a,U
2 L(LLIJ1.1,I. 11 I,J=I, II) Bc1

c PRINT OUT SOL TION SURFACE

t 90 CALL PRNOUT DN1111)

C FSLIP INDICIES FOR SOI.UT134 AND 1IN1TIAL VALLE SLKtFACFS
C ek 14

LLL-LL " , e
LLwL I-, dA If rc(j

ZOO LxLLI. p--( a I 1
210 IF (NST#A!.L1.0D RETURN ,.t A It, ?o

REWIND 7 BkAlf 3-1
RE tURN B'p'

Ch I A It.'.
220 F 0 -;43 (Ii0.10z. T3H8EGI4 TAPE~ SFARCH FC9 START PLANEZEti)I "I' II
?30 FODR1AT 7 %,',I0Xvb"PLANL ,1391XV4t4RtAO FRO" TAPI hoAI.
?40 f ORMA I ( 100o I0Xv 11141 APF %EAR(-" fXCEV~riff ICI) IPLA10 cii

END



SIS8'tC INTERP
SUBROUTINE INTERP TRP 10

C TAP 20
C *****,.*..S**.**. 9*eo**O**e****~ TRP 30
C TRP 40 4
C A SECOND OROER INTEROPLAr IO4 POLYNOM4IAL FIVL) A A+ A2*Y +A3*Z TRP 50 -

C A4*Y'l + AS*I'**Z 4 A6*Z*? IS CONSTRUCTED BY LEAST SQUARES FIT. TAP 60
C NtIKE NEIGHBORING POINTS ARE USED FOR FITTING TPE Six DEPENDENT TRP 70
C VASIA8LES U, V. W9 p. PT AND H. TRP 80
C TRP 9C
c *..... us~~***e*4~s*.*s.a~.,*.. TRP 100
C TAP 110

CINENSION IK(9s9), JK(9v91 TAP 120
COPMON /SOLUTN/ Y12,19,19),Z(2,19,I9),L12,1~t9,1),vtZ19,19I:k(2.l9TAP 130 A
l,19,,PEZ,19. I9hPT(1sv,191,ti 19, I9I,KLAS'S(19,19I TAP 140

COPMOi /XRGL I/ R f?.19,19),DXOL (2, 1919) E-CtTR-ELXNP4MNtiSAFTAtP 1S0
Illy TRP 160

COPMON /CNTRLI PRINT 1,PR1?4IT2,EtARq,IVSTYPICLASSNPNT, 11 JJoL,LL,TRP 170
INST.RT,ELX,0DELXtKKX(2),O.MAX,N0 TRP 180
cup"4ON /INTRP/ B(616) TRP 190
COP04ON /SLASi A(211 T;(P 20C

C -RP 2i0
C !NOICIES STENCIL DATA TAP 220
C TAP 230

rATA IKIOOO0,1,hl,2,2,2,0.D,0,O,1l,1,Il2,C,0O,0,0,1,1,1,?,0.0,TRP 240C

2,2.0, 1,0.0,0,0.- 1,-i.-?, 1,12,0,-i. l,-1,O, 1,-I.Otl TRP 260
CATA JA,0,IeZ,0, 1,2,0,1,2,0,-hI,2,-1,OI,2,2,O.,-1,1,2.Q-;1,2,2,TRP ??0

INTEGER PRtNTI,PAI.'vT2 TRP 300
P= II TAP 310

N-JJ TAP 320
C TAP 330
C ZERO SUMMING LOCATIONS TRP 340
C TAP 350

to 10 1=1,21 TAP 3b0
10 Af(i-0.0 TPP 370

rOU ZO .1=1,6 TAP 380
cu 20 1=1.6 TAP 390

20 8II,JI=0.o TP.P 400
C TAP 410
C OETEff4INV PARAN4IEA5R FOR STENCIL M'AdIPULAT[Ok. FROF KLASS LI6ELS TAP 420

CTAP 430
PICK-KLASSIt',NI TAP 4.&0
1NPICK=PICK/10.0 TAP 450
hPTYP-KLASS(vtN)-N9ICKe I0 TRP 460
AM 119.0 TRP 470

C TRP '.RO
C MANIPULATION OF I'EOICIE5 F09 9 P')hT~ STE'iCIL TAP .00
C Tqp 5C0

C~O 150 Kl1,9 TAP SJO
GO to 110,40,50,60.79.8019c, 100". NPICK TRP j20

10 I-IK(K,4PTYPi TRP 530
.1.JvfX,NpTypJ TAP 540



GO To 110 TRI' 550
C TRP 560
40 1zJKcK*NPT'e) TRP 570

JauI(K,N,)WTYP) TRP 580
GO To 110 THP 590

C TRP 600
so I.--JKt:,,NPTYPl TRP 610

J I K(K.N;PTYP) TRP 6?0
GO To Ito TRP 630

C TKP 640
60 t--IK(KpNPTYP) lI'P 650

J J K(K, pT YP) THP 660
GO To 110 TRP 610

TRP 680
Iz-IK(K,NPTYP) I RP 690
J=-JKIK,NPTYP) TRI' 703
GO To 110 TRO, 710

00 12-JK(K,NPTYP1 ',, (330
J-1K(KsNPTYP I Tk; 14.0
GO TO 1&') Tk' /00

C Ti<I' Ib0
90 I=JK(K*NPTYP) TRP 7 70

J=- D K, NP ryp TH 0; r
GO To 110 T,'P o

C T kv () ()
100 Iz'K'IK,NPTYP) o 16f

J- iK(K,NPTYP) i, " 'iC,
110 I. +M 3

C SEARCH FRc NEAREST NEIGH8Ol FOR4 XSTEP REGULArICN T" .'

GO TO (140,1 30, 120,1 2C, I 0. 120, 1 2G, IC, 12C) , K I4

120 1 F (RS -RS.-) 1 30,t140, 14C ,4.1
13C RSK=RS T a 1'
140 CONTINUE I k' 'I,()

C T 'IV9'5
C CALCULATE LEAST SQUARE vECrOKS FOR THE OEPEN'ENI VAR.-,ES T'i/ 94f,

C U, V, Wr P, PT, t d', J

8I4,l=A4,1).J(~rI~?(,1 J)*ZLI IiTRP1000

13(6, 1)'8(6, 1) 'UL, I,' i*l(L,1 J)**2 TR5' 1020

8i2 2)=8I2,2),V(L,I,J(*Y(L,1,J) TROL 04')

E(4,2)=e(4,21,V(LIJ)*Y(LI ,J)*Z(L,1,J) TRPIC60

R3(2,3)-P.(2,'l+'W(Li,J)*Y(LI i,3 TRIIOO10
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,(#)P43+(,#)YLIJ)*lCL,) ,j) "YRP1IZO
IRP11201

8 (l.t4lUBCE,4) fP IL, 1, J ) 
RP11 508C2.4)xe24,4+P(LJ).YIL1lJ) 

TAP 11 6 0

8C6,4)sD(6,4) *P(L , ,J )*(L , I,J) 9*2 
TRP1200BU,95 IxBC1,5) 4PTCII#J) 
RIl8 C2 #5)=8C2,5),PT(I,a,.YcLI~j) 

TRP 1210
TtP 12230

8 C4,S)=8C4,51,Ple iJ)*ZlL,1,JJ*C.1J 
TP1230

BCS,)~8Cs~4r~l~).~tL;
4 1 4 2  RP 1250

TRP 1250
C 

T R P I 3 3 O
C 

TRP13SO8C1::C)yI 8 3,43(~j*i~IJ) 
TRPI3tO

Ac3 1 -1 8(2?6)Y CL.I ,J)p ,~lr 
TRP1280Al 8 136)A( 36) (I,J3 *42~ lJ TRP 140A ( 8 h C 8 ) , C L i , J ~ ~ Z 1 C ' , 1 .4T R P L 43 1 0c Al ~AETH IYL AS I. SOAEKT t O CUDNT TRP140

c 
TR 14350

All A C 1 5 4 Y C , ! , J * * 4 T R P 1 3 oO
A C 3 : A C I )1 0 1 0 0

TRP13810~C~ h A 16)T RP 1 39 0

TRP 15400AR8CLMN)(=SQRT* 2IRSMP) 
!RP1410A(O12) AIA t0AM 2) iE FOY (Lf J)YOMA COTRC1 14 250

AE IURP (9)YLIo)ZLt~* 
TRP1410

E NO A 16 
TRP1510.

A~~~ ~ ~ (9 A&11TR12

AI:3jA~e.)TKP03



&MB-1C S!AES
1U8R0UTINE SLAES SLA 10

C SLA 20
C ***#* *************4******e**,* SLA 30

SLA 40
. &CIS1CATION OF IBM LIBRARY SUBROUTINE GELS FOR A SIXfH ORDER SYSTED'SLA 50

C OF SYMMETRIC LINEAR EOUArioNS USED UY INTERP SLA 60
C SLA 70
C *~**4Ve****S *.********9******.. SLA 80
C SLA 90

CIMENS ION AUX(5) SLA 100
CO(4iON /SLAS/ A(211 SLA 110
COMMON /INTRP/ R(361 SLA :20

Px6 SLA 130
N46 SLA 140

C SLA t5O
C SEARCH FOR GREATEST MAIN DIAGONAL LEMEN1 SLA 160
C S5.A 110

PIVSO. SLA 180
L uO SLA 190
CO 20 K-1,M SLA ?00

LUL#K 514 210
TB=ABSIA(L)) SLA 220
IF (TB-PIy) 20,20,10 SLA 230

10 PIV=TB SLA 240
I&L 514 250
J-K 514 260

20 CONTINUE SLA 270
C 514 2,k0
C PAIN OIAGCNAL ELEMENT 3.(II-A(JPJ) IS FIRST PIVOT ELEMENT. SLA k90
C Ply CONTAINS THE AI3SOLJTE VALUE OF Aill). 514 300
C 514 310
C SLA 320
C $,SART ELIMINAT!ON LOOP 514 330
C 514 340

LST20 SLA 350
14MXNOM 514 360
LEND&M-1 SLA 370
co 130 K=1,M SLA 380

LT=J-K SLA 390
LST-LST#K SLA 4'Of)

c 514 410
C PIVOT ROW REOUCT ION AND ROW INrERCf>ANGE IN RIGH! PAND SlOF R $.LA 420
C SLA 430

PIVial./Alfl SLA 440
DO 30 L-K#NMM 514 450

LLWL#LT 514 460
TBuPIVI*Af1LI I SLA -,10
R(LL I.'tL) SL4 480

30 RIL)-TB SL4 490
c 514 500

c IS L"!~.AU0N TERMINArlvo SLA 510
514 !520

IF fK-MI 40,140,140 514 530
C S~ib 540
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C, ROW AND COLUMN !NrFRCHANGF AND PIVOT ROW 5IEnLCTIrJN IN MATRIX A. SLA 550
c ELEAENTS OF PIVOT COLU4N ARE SAVED IN AUXILIAKY VfCTURt AUX. SLA 56(1

40 LRaLST.#ILT*IK+J-1))/2 SLA LA500
LL"LR SLA 590
L*LST SLA 600
00 90 IIxKLSND SLA 610

L-L* II SLA 620
LL=LLo I SLA b30
IF IL-LR) 70,50,60 SLA 640

so AILL3-A(LST) SLA 650
TB3A(L) SLA 660
GO Ta 00 SLA b70

C SLA 680
60 LL=L+LT SLA b90
70 TEI=A(LL) SLA 700

A(LLI-AIL) SLA 110
60 AUX(If)-T8 SLA 120
90 AlL I=P1IV*T8 SLA 730
C SLA r40
C SAVE COLUN 1NTEHCHANGE INFORMATIONh SLA 750
C SLA 760

A( LST)=LT SLA 70
C SLA 780
C ELEMENT REDUCTION AND SEARCH FOR NEXT PIVOT SLA 19
C SLA uO0

PIVz0. SLA 810
LL5JT=LST SLA 820
LT=O SLA 830

CO 130 [II=KLEND SLA 840
PIVIS-AUXI II) SLA 850
LLmLLST SLA 860
LTxLT~ SLA 80 I
D0 100 LLD-119LENC SLA Be0

LL=LL4LLD SLA 890
LaLL*LT SLA 900

L00 AIL)'nAIL)+PIVI*A(LL) SLA 910
L1.ST=LLST.I I SLA 920
LR-LLST.LT SLA 930
TS-ABSIA(LR;) SLA 940
IF ITS-PIV) 120,120,110 SLA 950

110 PIV-TB SLA 960
1-LR SLA 970
j= 11+1 SLA 980

120 CO 130 LR*K,N9,M SLA 990
LLaLR+LI SLA 1000

130 R(LL)=HILL!JAPIVI *RILR) SLAIOIO
C SLA1020
C END OF ELIMINATION LCOP SLA1030
C SLA1040
C SLA!05O
C RACK SUBSTITUTION ANU KACY. IN7ERCHANGE SLAIObn
C SLA107O
140 II-m SLA1080

Cc 160 I-2,M SLA1090
LST-LcT-I I SLA 1100
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11~11-1SLAII 10
LsA(LST)+. SLA1120

CO 160 J8IIvNM1 M SLA11 30
rB.R(J) SLA1140
LLvJ SLAIISOKasL Sr SLA1160DO 150 LT=11,LENO SLA1l170

LL=LLt 1 SLAlI 80
K&K*LT SLA1190

150 TB=TB-AIK)OR(LL) SLA1200
K'J+L SLA12 10
R( J )R(K) SLA122O

160 R(KD.TB SLA1230
R~rURN SLA1240
END SLAL?50-
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sI18FtC XRGLTr
SUBROUTINE XRGLTR (I1I10N) XmG 10

C XRC, 20
C **$.*e*****.,*.s..,*s*. **e*e**. XRG 30
C XmG 40
C SEARCHES FOR THE MOST RESTRICTIVE POINT ON THE SOLUTION SURFACE XRG 50
C AND PREDICTS NEW XSTEP SIZE XRG E00
C XRG 10
C 40**q*4*.***~s***o*~~ees*.e~4 *** XRG 80
C XRG 90

COMMON IXRGLY/ RM(2, 19, 191,XDL120t9Ig))EXCTROELXMN,',MNNNSAFXRG 100
ITY ARG Ito
COMMON /CNTRL/ PRINT1,PRINr2tERROR,IVSTYPtJCLASSNPNTII ,JJL.LL,XRG 120
INSTART .DELX,0VELX,KKXI 2),XMAX,NO XxG 130
INTEGER PRINTIPRINT2 XRG 140

C XRG 150
C CALCULATE THE AVERAGE STEP SIZE ERG i60
C XRG 17O

CELXB.O.5OIOXOLI IMN)40X0L(1 1,MNI 3*HR( I ~k AIKG 180
IF (0ELX8.GE.DELAJ GO TO IU XRG 190

10 IF IOELXB.GE.DELXMN) GOJ ro 20 XHG 200
CELXMN=OELXB XRG 210

L XRG 220
L LACEL5, FOR MOST kESTRICT:VE POINT XRG 230

C XRG ?40
Plwid-M RG 250

KNNN XRG 260
20 RETURN XRG 210
C XRG 280
C PREDICT NEW Xf-TEP XRG 290
C XRG 300

ENTRY XRGLT1Ul,I1,14,NJ xRG 310
C XKG 320
C ADJUST SAFTY FACTOR XRG 330
C xRG 340

RAT IO-DELXMNfUEL X XRG 350
IF (RAtI0.GT.1.1) HATI:)-I.1 XRG 3b0
!F (RAUOD.LT.0.91 RATI)-0.9 XRG 370
SAFry=SAFIYORAT 10 XRG 380

1IK( 1';41MNN)-DXEOL(I ,MMM,NNN OM( I1,M4,NNN I) XRG 400
C XRG 410

c ROUND OFF DELX XRG 420

NDELX= 1,000.0*DELXEX*SAF TY ERG 44C

CELXEX=NDFLX ERG 450
CELXE-OFLEX/100.0 RC 460

CELX;4N=DUEXEX*2. 0 XRG 470
C0r-LExDELX ERG 480
CELX-DELXE XIRG 490
RETURN~ XRG 500
ENO XRG 510-
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SI8FIC 800.40k
SUBRtOUTINE BOUNDA out, 1)

C booU 2'.'

C LOU 40J
C INTEGRATES OVER THE BOUNDARY POINTS 00O 50
C hUU 60

C 000 dio

l,194,P(2,19,19),PT119,19hu1g1,19jKLASS119.19J BOo 100
COPMON IXaGLr/ RM42.1lo9,l9.DXL(,19,lI,EXChfa,ELXMNvIFPP,,NN,AFBOU 110
try BUD 12U
COPMON /CNTRL/ PRINT1,PitlNT2.ERRO0klVSTYPtICLAS,,NPNTt11,JJLLL,80U 13')
IhSTARTOELXODEL.,KKX( 2It$AxN0 800 140
hrlNr-1 eou isr;
NO2Zt40 Boo 105O
IF (ICLASS.EQ.31 N02xNP 80u I10
CO E0 I'4,NOiNF1 BUU 1as0
CO 10 j-iN02 BOo 190

tlm! BOO 200
jjaj s00 21')
CALL BPTSUB (Y(t, J.',ZLLI,J),P1( I JboH(I IJhY(LL,!.JhLI(LL.I ,BUiiJ 2?0

1 J),UILL,1,J),VILLIJ),WILL, I,J),P'ILL,IJI,0EDL(LL,1 ,jI Bo 2)0
10 CALL XRGLfR (L,LL,!,J) 3UU 240

IF fICLASS.EO.l) GO TO 30 8100 e~
NOT-NO boo 260)
IF (ICLASS.Gr.21 N01.NJ-I Bo 210
CO 20 J-TN02,NT1 OU 280
CU 20 ;m2*No1 ROO 19

11=! bUo 300
JJSJ BOo 310
CALL BPTSUB IY(L,!,JI,1(L,1,JaPTfl .J*.ai(1,Jit(LL,IJ),z(LL,Io 1 j 20

1 .J)ULL,Jb#VILLo,,W(LL, IJ) ,PILLIJ),UDL(LL.1,Jl I 13011 330
20 CALL XRGLTR (LoLL,1,Jl 8U 340
30 CONTINUE 000 3',0

RETURN BOO 360
END BOO 310-
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S16F'C RPYSUC
SUBROUTINE BPTSUO 51,T,5Y,#,6vh,,O0)OPT to

c OPT 20
c apt**O4**~*O o .*.ea.*~se e**.. OT 4
c OPT 40
C IALCULATES A NEW 0OUNTJARY POINT OF THEf FLOi. FR04 UATA STORED th TmE OPT 50
c IHREE-OIMENSIONAL ARRAYS Ue V. Us P, PT ANO H AND BOUNDARY DATA BPT 60
C FRCM THE WALL POINT SUHRJUTINE, WALI LB. BPT 70
c. BPT 80
C B**s~~****~~ *~*.*v....*C*..**s* PT 96
C OPT 100

COPMFIN /PTSUB/ Y(6) Z(6bhU(6),V(62 ,w(6),r;(61 ,PU16ItriloaIA(61,RO(618PT 110
1,C(62,Q(6),QSQP.(6.OU0X(6),OUUy1!,IUUoZ!) ,0VOXI6),OVDY(6I ,OVDZ(6IOPT 120
2,OWD'(6)h0WU1(b) ,0WO1(6J,0P0 ,6OP0Y(6IDP02(6)0PTOC163,PT'YI628PT 130
3,PD()DD()DC()O.)(1DC:()DOi.~,CZ6$APbtP 140
4CAD416),DAPF6,0ROUCP(,CRaOPT(t,0,RCOH(6,ALP6),ALPY6ALPZ1)PT 150
56),OETXbl6,ETY(6),bETZ I6bALPtX(6I,ALPTr(8t.ALP71(6),CPTHI6),UPTHBDPT 180
6(41,VPTH-(4).WPTH1itUTiEtC4)vTHET4)HT-ErT4ITAU(6) ,AOD BPIIt
COPMON /CNrRL/ PRi~,,p Nr2,EitRC)R,IVSTYP,1CLASS,NP,N?*II,JJ,LrLL,OPT 1120
1tSFART ,DELXOOFLX~trK ,1( 2),AMAX,.. BPI 19'i
COPMON /INTRPI 8(6,6) BPT 200
REAL NEUMKIK2tNORM OPT 210
INTEGER PRNf1,PRNT2 OPT 220
V C )) y5 6 PT 210
1(5215 OPT ?40
PriSI PTS OPT 250
H(5).tiS BPT 260
CA LL INTERV Opt To

C BPT 280
C INTERPOLATE FOR VALUES At VU:NT 151 aPt 2e90
L BPI 300

12t8(6,1 )*l(5)a*i Opt 320

1?.8(6,2)*Z(51*.2 BPI 340

12v8l6,3)*Z(51**2 BPI ;Th0

12+B6,4)1(5)*2 PT 580
C BPT 390
C CALCULATF P~ARTI1AL DERIVAf IVES FOR THE DEPENDFNT VARIABiLES OPT 1400
c OPT 410

CUD(5k(2,l)'i(41).[5I2.C8(%).Y5) PT 4?0

CVOY(5[sO(2,2)'314,2)'l (,)42.0O'B(5,2I*Y(5) BPT 440
CVU1(5I=BI3,?I$O(f.Z)*Y (5I'+2.*B(6,2)*1(5I OPT 450
CwOY('.).O(2,3)+.4,3,.l (5)'2.O';(5t3)*Y(5) BPT 460O
CwC(5I.1313, 3I'8(4,3I'rI51'2,O'Hi(6,33*Z(5I Bor 470
CPCY:%p.O82,41.8(4,4)'Z (%)+2.0*8(5,4)'Y(5) O.PT 480

LP0L5I~( 34)'3(',4'~s?0.2~o,3.l5) PI 490
C bPT So0
C CALCuLA!E THERMUr)YNAM:C PRrPFRTIlFS AT P6U1,14 15) BPI 510
c OPT 520

CALL A'ROSURl~bts H AS,~lS~~,AP5 DOI5 OP 530
1AUH51 0R0P ~) ,Oi40PI 5),14)ro C IBPT '40
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C apt 560
CU0X IS)&(RO( 5)tU.I5I*(IV( 5j*ODfYf I+ W I) aULD I(Si iy(S *OPOY I I-w(5) *OPT sTO

lCPDlI5J-ROf5) *At 5,*2( OVOYisTh15 ))/(RO(5I*f A 5)4*2-uf5)s*?) 11pt 680
c apt 590

CvO~53a-OP~g5-*RO5).(5IUV0 51AO(5.W1).OOL(1 )/HC(j'~(O boo0
15)3 PT 610

C PT b20
OW0X(51u(-P1).(53-R0(5)*V(5)*O)WOYI5)-RO(5)*W(sJ.0DWOZ(5) I/(MO(5).J113BP? 630

15))l OpT b4C
C OPT 650

UOuU(5)*(Uf52e1IU0X(5)+VI6)*0[VUx5.eDUOY(5))I(5)s(OWOX(5)#.UOZ(OiPT 660
15J3I+V5)*fV(5i*OVOY5.#wd5)*(OW0Yc5).0VOU Z~(5 .btI5l~wSlosOZ5) BPT bt
ADoo5"CUOx(5i~0voy(5i.0wOiz(si-uU0,/QSQRt5I tiPi 680

OPT 696
C MAKE TAYLOR SERIES APPRUXfmATION TO NEW POINT OEPFNDEnT VARIABLES apt 700
C BPI 110

CPOK(5is-RC(5)A(U(5)*CtJOA( 6).V( 5).CunY(5)*W(5I.0UDz'5j) tPT 720
CELY-DELX*Vf 5)/Ut 51 8PT 130
VE!l*OELX*W( SI/Uf5! BPI 140
P(E.JsPI5)+(OPOX( 5*DELX'OPD'YI 51*OELY.OPOZ( 5?*LsELL)/3.0 OPT 750

C BPI 160
C INITIALIZE LOOP VALUES IF STATIC PRFSSURE FSTIPATE IS NEGATIVE OPT 770
C OPT 7dO

IF (P(61) 10.1o,20 apt 190
1O tU(6) -'jf5) aPr 8oc

Vtb1-V!S) BPT 810
kE6)-wi5, apt di2o
Ct6)uCf5) BPr Hl
CSQR(6)-QSQR(5) Ber 840
1T016)ROM~ bp. 65U
P(b)-P(5) t 860
GO TO 30 8PT 8oP

C apr 880
C INITIALIZE LOOP VALUES IF PRESSURE EST114ATE IS 11ITIVE OPT 890
C aPT 900
20 CALL AROSSI (P(6),PT(5),Hi5),A(6),RO(61,CSQR(63) OPT 910

C(6)SORT(A(6)**2*QSQR( 6)/(QSQR(6)-A(6).*2)) OPT 920
U(6iuU(5)+OuOX!5 )*OELX*DUOY(5I*OELY.DUOZ~i3*CELZ OPT 930
V16)=Y(5)sOVDX(5 I*ELX.OVOY(5)*DELYOVOL(53.O1LZ 8PT 940
W(6)aW(5340WDX(5 )*OEL X*hDY( 5)*OELY.0WDZ(5)*OELL Bpi Y50
CS5U16)**2+V(6)*.2+W(6)**? OPT q60
RATIOuSQRTIQSQR( 63/QS) OPT 970
U(61-RATIO*U(61 apt 980
'Vt6)-kAT IO*V(6) PT 100
W(bIURATIO"wf63 OPT 1000

3') X5 X IL I OPT 010
C oPT 1020
C OBTAIN OUTER NORMAL AT POINT(5'J OPTI1030
C 8PT 1040

CALL WALSBI (X5,Y5,Z5,BETXf6 ,BFTY(6),BETZ16)) HPTI050
ASS!GN 40 TO NNN RPT 1060
DO) 270 NxI,ZO OP TI 0 

C BPI 1080
C 6PT 1090
C FIND COORDINATES OF NEO PiuNT FOR ITH iTERATICN BPT 1100
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iV

C BPT I1110
iAuIS;v-2.O*oELX/I(5JtU(6)) 8PT 1120
Y(6).YIS)-lV( 6)*V[5) )*TAU(5),2.C OPr 113
t6.Z151-1Wt 6).w(i i'frAU(5i/2.C BPT 11490C ISPT 1150C (J~fAIN WALL POINr CORO14ArE!. AND OUTER NOJRMAL AT PC14T (6) BPT1I60

L BPTI 1 7CALL WALSU13 IXILL bY(6l,1tb; ,(iETX(6),BE ry163 a,EU(611 RPT1140ALPfAA=ETY(6).U(6)O(ETL(o)*V(6) BPT 1190
ALPI-AY.BETI6)eUI6)-IIETX(6)*w(bI BPT1200oALPHAl=8ETXtb)eV(6I-BEY(b).U6ib OPT 1Z10
0EP.C=5QRT IALPHAx**?4AL.Pr.AY*e?9ALPHAL..21 BPT1?2o
ALPX(6 VAtPiAX/OjENO UPr 1230
ALPY(6 I ALPHAY/OEKU BPT124.0
ALPl.'&)-APtiA/rlEhU IIPT1250

C 
BPT1I2GO

UET4=BETX I *(ALPYVt *W( 6)-V (CIALP1(6))-ALPX(6)*(8ETYI(6) (6) BPTI l

OEf'P1=ALPY(b) *w(6)-Vf61#ALPLICI 01,'r J)
fjT!2 BE Ot)&L ;t -L ~ 4m )1PT I i00
DET03zALPXUb) *W(6s-j(l6)sALPL(L,) OPT 11~L10
DET'4z8ETXUG)4ALP(', )-ALPXtb)*iJF ?ZC6; fP13i?"
DET ALPXIb) 1 v116)-J I f) ALPf (b) 3P ! 15 0')
1Fv68T X(c) ) ALPYlo ?-A.,PX((j)'HE TY( I(fL 4

C Iep(131 0
CO Ti C K J, 140, 5) I I? 1 79

C VYPT 1 110
C INITIALI/F 1' 04 L)OP OPT 1 491)
C 

OPT 14m 140 I,f J) I J) jl'' 14 l)

C I j I =r_ I to) I-r ' 1 0
CL9XJ I LlC 6) tio T 14451
ALPY. J J =4L PY 1 6 1 F I 14t~0

AL I =A:3 (h ) BPTLI-70
l-ETY(;lJ L ryl 9V I P 4ti
oET Y Ip =E TY l 1 OIPT 1 4 )

C OPT lb 10
- CALCULAIC rAulIJ FUR JT'i IFEI(ATiO-i 50t 1520C Bpr j!)30

so GO TO (60, 70PO0), J APT b-.01C bepT 1530e,0 CAiLPI-=CI6I*ALPXI6)4.( 1).ALPX II OPT 1,.60
,3 rO 90 OPT 15 70

C APT 1580t0 CALPI-=C(6).AFTXI6 )*C(ZI.A1E~jr2) hPT 1590
Go TO 90 PPT 1600

C OPT1610
s0 CALP1=-C16 )*4LPX( 6 -C(!)*A#.P X(I APT 1620M &90 TAUtiJI2.00(-DELX)/;U(6).UIJ),ALP,; 

BPT1610FmC 
8PT 1640

C~ CALCULATE YIU) FOR TiFE 1(1H ITERA11014 OPT 1650
C APT 1660
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Go TC (100,110.120), J hpT to to

t00 CALPY-C(61.'ALPY(b14C(I)*AL'Y11J OPT 1b90
GO TO 130 dp 11100

110 CALPY-Ci6)*8fTY(6 34C(Zi*OFTYI2) 5PT 1720
GO TO 130 OPT11l30

C BPt 1140
120 CA'Py=-C6)*ALPYl',)-C( .SALPH(3) Opi 50,

GO TO 130 8P Ti i'1)

130 Y(J)-Ylbjh1V(b)4V(J1.CAt . Y)A1AU(i)/2.0 BPrlHsU
C 8PT 1740
C CALCULATE £1.3; FOR THiE fit- 1TER,.nh o~pT 1103
C Op f 1 10

GO TO (140olSG,1, .3 bJR 1 ei20

140 CALPL.CII)*ALPZ(1 )4Cg6;*ALIZ-(bI 8P1b14J
GO TO 170 api leiSQ

1S0 CAL5-2-C(6)*BETL(b ).C(?)'8E.Z (2) ep [ 1870)

GO TO 170 BPT 140
C B1511930
160 CALPZ.-C( 3)'ALPZ( 31-C16)eALPZI6, BPT 19 10
170 ZI.Jl'ZI6)t(W(6 J..lJi.CALPZ)eTAU(.Jl/2.0 OPT 1920
C OPT 1930
C CALCULATE VALUES FOR I), V. w. t-. P, PT, AND OERtUATIVES AT BASF BpT 1940
C POINTS OPT 1%C

1 y(J)*"2+816tI)*Z(JI**2 ? P II ?ts
C OPT j991

VTJISO(L,Z)+1+t2)*YIJ)4BJ(3,2101(J4,?;eYt.3)ol(Ji'-f~wS,).o123-)

w(J)-Bi1,3t48(2,3)eYJ.o(3,3;zI.3..oc4,3eyg.3)aZcJt*8',3).hTit,Ct~lo

1 Y(J)*?.8I6,4)m1(JI*3*2 BPT?'u7')

PT(J3.8t l,5)+BL?. 5)*Y(Jl i)( 3 ,5) 11.J) *d ( 5 )*Yi Jis Z IJ) *8It) ,5 )BPI109
1 *Y(JS'2+8(6*5 1 J)S0*) bpT2Ioo

C OPT?l 10

C 16P T 2140
OUOYIJJRB(2,1)*814, )IIij)2.0851)*Y12) 9"~2150
O)VDYIJ1.812.2)481 4,2*Z(j i42.C*8(5,2R*'VU3 8PT216fO
DY(J1-8(2,3).8( 4,31e1(J)+?.O'O(5.,3)*Y(J) BPT21 70

OPDY(J).RT?,41.ol 4,4)9L(J).2.0.tiC5,4)'riJ) 8PT21'~0
OPTY(Jl=8l2',5).RI'.,5)'L1 J14Z.0.8(5,51'Y(JI BPT2I90
PDOYIJ toBl2,61.81 4,63'Z(j 32.O'fl(5,6oY(.Ij BPT2?010

OVDZIJl-8( 3,2).o(4,2l'y(jh?2.0*Oto,2l)01u; fiPT2??0
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DOd0l(J).BE 3,3).8( ',3)e'Ylj).2.0*816,3)*LLJI sp r22 10
0 P0Z(J)aB( 3,4).B( 4,434*Y(J)..aB(6,4)Zi~J) OFT2240
C;PTDl(J)-8(3,5 ;.d (45)*YZJ),2.O*B(6,514l(J) a P 12? 5c
OHOl(J)-8( 3,6)4BL 4,6)*'(J).2.0'8(6,6I'l(J) 8PT2260

C. 8PT22 10
C. CALCULATE A. Ku AND CE41VAFIVES AT BASE POINTS RPT2280
C, FRO04 TOIERM0DV'9APIC LDATA 6PT2290
C. 3PT2300

CALL AROSuB (PJ) ,PI(JbH(J),A(J),HOIJ),QSQR(J),OAOPI,OADPBPT231O
I TIJ),0AUti(J),D)R00IJI,0RIJ0PrIJI,CRC0N(J)) tsPT2320

t~ii).SQRTI (AIj)*02)*SUSQR(JJ/(QSQR(J)-AJI*.2) I 8PT2330
C BPT2340O

c CAtCU! ATE SPACE DERiVAtIVES USI-4G ENTROPY AND EFITHALPY CONDITIONS OPTZ350
C. ALONG STREAMLINE BPT2360
C 8PT 2 10

OUDX(J).(R0(J)9u(JJ*v(j)*EDUjl'(J)R(J tj)*W(J)*0)U0ZIJ)-vIJBT238O
I )*ELPOY(Ji-W(JIePDZ(J)-H03(J)eAIJ)*?(OV0Y(J;,CDh0ZRJ) I /IRC8PT3')
2 J)*lA(j)**o2-U(J)**2?) 8 Pr2400

C BP'l'410
,IU~l(DfYJ-OJ*iJ*VY()R()WJOVZJ)(CP2'

I (Ul*U(J)) B3PT2430
C. OPT2440

CW0E(i)(-PZ(j,-C(JIV;JieDWY(IJ-RC(JIeWJ)*DwZl(j))/IRCBPT24bD
I liJ*U(ill BPT2460

C Bprz4 lo
CPDX(J;-- 0(J)*(J(J)oDUDXIJ1,V(j!e0LDY~p)+hIJ)@ODLZ(J)I BP(2480

C OPT240
OHOX(JL-I-V(J)sDopiy(JI-h(J)sCH0I(JJ )/U(J) BPT2500

C 6PT25 10
CPIDJt(J)-(-V(J )plIJ)- ,( J)OpluzIjI )/IJI SPT2520

C BPTZ5.30
X1f(bJ*)*2)IIjS016) Br)725'.0
t?2I .0+K I PT2',50

C bPT25(io
CE~ J - ( )* * (j [P J *P XJ * AD~ J *;T;( )-A ( )B Tt7

I OHO)XIJ /I A(J)s*3 )-(ut.jI*O1t0x(j)4vij)*ovDx(j)*w(jE~wrx(j3 )IdjprVl8o
2 (OSORIJ)"02)) bPr259FJ

C OPF 2600
-C0Y(Ji.CIJ)s@3*((CAilP(J)*r ,'Y(JICIAOP~IJ*PTD(jIIAC,(J)s8:4r2b10

I CHiOY ( JSI MA I J)44 !-i'JJl i ,JY(J) V( i)oDVDY(J) +W(J)eDYIj) ) /6k'1,zb2d
z (QSCR(J)40211lI 1P2 t 1)

C.' 1P 2640)
CCO.Z( JzI-'( *)**'30! (04i,PI Ji lPGZ( J)-CAOPIT (J)*0DnT0Z(J) +OACtH(J) OPPT2650

2 (QSoRIJI''J2)) 8P126 '3)
C bPT 2teh
C CALC'ILATE VARIAT :CN CF ALPHIA A'40 Of A At BASE POINI SP T'b 93

C 3PT213Ju
GO To (183,190,2OGI. J EP2116

18O CPIH( I 3C(6)$(!!Ftz(6ieDC.X(i 3.BFTY,6I*CCrf((IBu~l(6).cCoE)( IPT2730

1 11 K 12740

ur;T 'U (b * Ci6) *tPY( o) op? r?1
WTT-.(61 *CI 6) * . I b) neiell6Z
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UPTH(1)-C(6).(BLT((6)*DUDX(1)+BETY(6)*0LDY1)8EZ()OijO1(lbPr2I9
BPT28~00

c OPr2#,10
VPTil'1)=C(6)*E8ErX(6)*OVDX(1)+BErYL61*OvDY(1).BETz(6)*CVOl(1BPt2820

1. II PT?630
C 0PT2840

WPTH(l)-CE 6)*iBET(16) *DWDX(1)+BIE TY( 6) *C6OY( 1'+BETZ(6) *C601( 18PT28 50
I I BPr2860
GO TO 210 8P1r2870

C BPT2880
190 CPTH(2)=C(6)*(-ALi'X'6)*nCc( ?7)-ALPY(6)*DOY(2)-ALPZ(6)*O)COl(3P'(2890

1 2)) Bpf2900
UTHT-U(6)+C(6)*BF TX(6) liPf29'O
VTHT V(6).C(63*8FfY(6) 8P Tfl2O
WTHT=W(6),C(6)*BE TL;6) OPT2930
UPrH(2)=C(6)*(-ALPJC(6)*VUD)X(2)-ALPY(6)*OUVY(2)-ALP1(6)*CUDl(BPt294O

1 2)) liPr295O
VPTH(21=C(6)*(-ALPX(6)*OVOX(2)-ALPY(6)*DVY(2)-'ALPZ(6)4CVOZ(BpTi960

1 21) BP129 10
WPTH(2)-C(6)*(-ALPX(6)*DWOX(2)-ALPYE6)*OWDY(2)-ALPl(6J*CwDl(8Pr2980

1 2)) 8PY2990
GO TO 210 BP r3000

c oPr30lO
200 CPTH(3)sC(6)*(-eErX(6)*OCfXI 3)-8ETY(6)*DCDY(3)-BFTl(6)*r,,COlE8PT3020

1 3)) 89?3030
UTHT-U(6)-C(6:*ALPX(6) oPr3oAO,
VTIT=V(61-C(6)*ALPYI 6) 8 T 305 3
WTHTstA (61-Ci 6 ) AL P( 6 1 OPT XC60
UPTH(3kaCf6)*(-RETX(6)*OUDX(3)-8E:Ty(6)*OUoY(3)-8ETZ(6)*Ouoz(o~pr30~u

1 3)) OPT3080
VPTI(3)nCI6)*(-I3f1r(6)*OvOx(3)-tETY6)*VY(3)-BETZ(6)*OVOZ(BPt3090

1 3M -3PT3100
C OPT 3110

WPTH(3)-C(6)*(-8FTX(6,*DWDX(3)-oETY(6)*UWovgI3)-8ETZ(6).oWozcaP13120
1 3)) OPT 3130

c eBPT31 40
210 UTHET(J)-Ui'."0"IX(J)VTHTOLOY(J)4WTHT*DUDl(J) H1P3150

VrHErTJJxUrHr*ovD)x(J)+VTH.T*DY(J)#WTHT*DvO1L(J) e3vT )60
WTHEr(j)=urI4T*CWDXEJ),VrHT*0bWDY(J),WTHT*ohoDZ(J) OPr3170
83=-(UEJ)*ALPX(6) +V(J)*hLPY(6),W(J)*ALPZ(6))/'kU(J) opt31i0i
GO TO (220c2301240)t J 8P1 3190)

C opt 13200
220 R4uKl*(BETX(6)*UTHErE l)#IEtY(6)*vTHET( I)+fEZ(6)*WF7(l))-KBPT 2i0)

I 2*(ALPX6)*DPTI-(1J; ALPYE6)*VPTH( 1),ALPZC6'*WP7NH(1l-CP-H(1hBP32C
2 K/C(61*(U6)*UPH(,.V(6)*VPrH(I).W6.WP;,ri1:I 8PT)230

8184iC(6) OP r3240)
GO TO 250 BPI3250

£ BOPT 3260
230 84u-K1*(ALPX(6)*UTHET(2),ALPY(6)*VTHET(2)4ALPZ(6)*WT4ET (2) )-8PT3270

1.K2*(BEI'X(6)*IJPTH( 2),BErY(6)*VPTH2).8ETZ(6)sWPTH(2) )-CPTIH(2)BPT3280
2 *KI/CI63*(U(6)*UPTH 2)+v( 6)*VPTII(2)+W(6)*Pr, 2)) BPT$290

81=84/CE 6) BPT 3300
GO TO 250 8Pr3310

C OPT3320
240 i4--K1*IBETX(6)4tJTHEt( 3).I3EtY(6)*VTHET( 3)+IETZ(6)*WtHEI(3) ).8PT3330

1 K2* ALPXE6)fOUPTH( )*+ALPYi6,*VPTHI(3)ALPV(6)*WPTH(3)CPTH(3)8Pr 3340
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2 4K1/C(6)*(U(6)*UPTH( 3)+V(6I*vprH(3).w(6,1WPTHi(3II UPT5350
B1'B"/C(6) 8PT3360

C BPT3370
C SJLVE SIMILTANEOUSLY FORh ALPHA VARIATION FRO' PF6 TO BASE POINTS BPTJ380
C BPT3390
250 ALPTX(J)s(B1*DET4IB3*OETJM2)/DET4 OPr3400

AIPTYI J)- (BI*OETM3.83*OETM4)/ET, BPT3410
ALPTl(J)z(ol*DEtII5,33*OETM6)/OET4 OPT3420

C OPT3430
C CALCULATE THE ALPHA AND BETA COM4PONENTS FOR ALL J 8PT3440

c Bpr450
(ALPX ALPX(6)+ALPrX(J)*TAU(J) OPi3'.60
EALPY'-ALPY (6 I*ALP TY(J )*TAU(JJ OPF34.70
EALPZl;ALPZ (6['ALPTI(JI4TAU!J) BPT3480

c BPT 3490
C NORMALIZE ALPHA TO MAKE UNIT VECTOR BPT3500
C OPT 3510

NORM.SQRT(EALPX*42.EALPY**2+EALPZe*21 a.,i3520
ALPXt J )EALPX/NO~tM BPI 35350
ALPYI J )EALPY/NOMM BPT3540
ALPZ(J) -fALPl/NOitN DPT3550
QIJI-SQRT(QSQR(J1 I BIPT3560
BETXIJ1--(ALPYfJI*W(J1-ALPl(J)*vIJI )/Q(JI BP1'3510
DETYIJs I-(.ALPZ(JI OU(J)-ALPX(JI*W(J) 1/gJI spT35i8o

260 BEtl(J)--(ALPX(J)*V( J)-ALPY(J)*U(J) 1/gIJ) OPT3;90
ASSIGN 50 TO NNN BPT j600
PTEST-P(6) sPr~iOi

C OPT 1620
C SOLVE CO.'PATIBILITY EQUATIONS GPT;630
C 03PT3b40

CALL 8COMfT RPT 3650
053tU161**2.V( 6l**2+4 (61*.? spT 3660

C OPT It) 10
C CCKVERGENCE ACCELEkArION(REOLICES OVERSHOC?) 8PTi680
C ePr so9o

P(6)-IP(6).PTEST)/., aPr 3/00
CALL AROSHI (P(6) ,Pr I1N(5) ,A( 61,R0161.QSQR(61) BPT31lO
C(61'SQRT'(QSQR(6)4A(6).*2/(QSQR(6)-A16)**2)) OPT 3120
iRATIO-S0RTlQSQR(6 )/3S) OPT 3130
U(6)-RATIO*U(6) BPT3140
V16 )=RAT IO*V( 6) isPr ns0

W(6IxRATIOOW(6; BP1 760

C TEST TO SEE IF CONVERGED OPT 378O
C. OPT 3790

IF I?.0*AOS(P(6)-PTFST)/PTEST-ERROR) 280.280,270 6PT3tJOO
C OPT 38 10
210 CONTINUE OPT)8~20)

CALL ERRORS (12) BPr3830
280 t(61sSQRT((JSQR(6)) 13PF 840
C 8PT 31850
C CALCULATE XSTEP REGULATI'4G PARAMEtTER OP T3860
C 6PT 1870

CXOL.U(61**2/(Ci6IvQ(6) )'( 1.0-Cr6)/Q(6)*SQRT(AOS(CSQR(6)/U(6)..2-18PT3880
1.0)11 opt384)0
Y6=Y( 6) OPT 3900
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16-Z16) 8P T 3'l
t6uUI6l OPT3920
V6-VI6) 8PY3930
IW6vWf6) BPT3940
iP6sPt 6) 8PT 3'50
RETURN 8PT Yib
END 2PT3970-
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6I8FIC 8COI4PI
SUBROU!INE SCOMPT OLD. 10

C BCO 20
C B*b**4~e~~** ... *e***.**e**~~*** CD 30
C 8CO 40
C SOLVES BOUNDARY POINT COmqPATIBILITY EQUATIONS e(;0 50
C BCO 60
C **e$*4**o******ee****.*ee4**O~* BCO 70
C 8C0 80

tIMIENSION E(3,3), 0(3,3), 8(3), 0ET14) BCO 90
Colo4ON /PTSUB/ Y(6)#Z16)#U(6)tV(6)tWt6)tP(6)tPr(6)#HI6) ,A(6),RO(6)BC0 100
lC(6) ,0C6I,0SQR(6iDt,0DX(6),0UDY(6),OU0Z(6IODiDX(6),DVDY(6).0VDL(6)8CO It0
2.OWDJX(6IDWODY(6).CW01(6),OP0X(6l.0PDY(6)1,ODL6)tDPTDX(6IvDPTOVt6)8CO 120
3,O)PrOl(6),OHOX(6),OHCY(6).DHOL(6)tDCDX(6),UCfA(6),DCDL(6),OACP(6),BCO 130
4CAOH(6,,OAOPT(6),U!ROOP(61,ORODPT(6),OROOH(61.ALPX(6),ALPY(6),ALPZ(BCO L40
56),l3CrX(6),8EY(6),8ErZ(6hALPrX(6)tALPrY(6),ALPrL(6) ,CPTH(61,UPTHBCO 150
6(4),VPrN(4).wprHI ,2,urNET(4)VT-ET* I,1rii'tET(4j,TAU(6) ,AOBO5 oco 160

C BCO 170
C CALCULATE CUEf-FICIENIS FOR :aiPRILTANEOUS DIFFERENCE EQUATIONS FOR USCI) 180
C BC0 190

eozD.-BTX(1i'(8ErT 1 J*Du0X IIBETY( 1)*(UVDXI 11#DUOY(11)VBETI(1)*fOBCO 200
1WDA(1)+DUOZI )1i.OETY(1 I*(DETY( 1).OVOY(I,)+BETI1ts(OWDY(1I.0V0L(118C0 210
2fl,8EI(I)*BETZ(1)*Dl(1) BCO 220

C B8() 230
eBl '3s8TX(31*(8ETX( 3)*DUCX( 3)*BETYetj)*(OVDX(31+DUDY(3))*.BETZ(3)*(OBCO 240O

IWOXC(3).0U0Z(3)1 J.BETY(3)-P(8ETY( 3)*OVDY(3J.8ETI(3)*(DWOY(31.OVOI(3)BCO 250
2)h13ETI(31*8ETL(3)*O01(3J BCC 260

C 8CD 270
AA02wA(PX(2I#(ALPX(2)s0UCX( 2)+ALPY(21.(DOX(2)+DUOY:2)).ALPZ(2l#(OBCo 280
IwDAIZ)I OJOL( 2)) )+ALPY(2 JeIALPYI 2V*DVOY( )J+ALPL(2)*(DY(2I4OVOZ(2)BC0 290
?)i+ALPZ(2)*ALPII2)*0hD1 (2) BD 300

C 8CC 310
C BCD 320

RC6-RO(6)OCI 6) 8CD 330
PCI=RO(1)*C( 1) 8CC) 340
RCZ=RO(2)*C(2) BD 350
RC3-RO(3)*C( 31 8CO 360

A(;5zO(5)t(5) CD 370
RCAX6-RC6*ALPX(6) DCC) 380
RCAY6=RC6*ALPY(6) 8CC 390
RCA16.RC6*ALPZ(6) BCI) 400
RCOX6-RC6*BETC(6) 8CC 410
RCBY6-RC6*BETY(6) BCD 420
RCB16=RC6*0ErtL61 BCtl 430
rf1.2.O4P(1t.ERCAX6.RCI*ALPX(1))*UU1)+(RCAY6+RCtOALPY(111*V(1I+(RCABCO 440
116+RCI*ALPI( I3)W)*w3R'CI*C(11.LIDoI*TAUCI) 8CO 450
C2c2.0oP(2I.(RCBX64RC2eBErX(2),sU(2)-,.RCBY6.RC2e8ETY(2I )*vi21.(RCe8C0 460
116,RC2*OETl(i) )*W(Z)4RC2*C(2)*AA)7*TAU(2) BCO 470
C3-2.0*P(31-(RCAX6.RC3*ALPxi3)l*U(3)-(RCAY6'RC3sALPY(3))*V(3)-(RCABCO 480
116.RC3*ALPL(3))*W(3)4RC3OC(3*803*TAI(3i 8CO 490
C5.2.0*P(5)4(R016)*U(61,RC)(5)*U(5) ,eU(5l.!RC)(6)*V(6),RO(5i*V(S .*VBCO 500
1(5V'(RC(6)'W(6)+RO(5)*4i5))*w(5) 13CC 510
C6-2.0#P(514RC5*C(5)*AD805,*TAU( 5) 8C0 520
ST31s(YAU(1)4TAU(311/TAU(I/TAU(3) BCC) 530
CV31i.TAU(3)-TAU(11)/14U(3)/TAU(i) O3CO 540
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T125.(TAU(1).TAU(2))/rAU( 1:irAU(2)-1.O/TAU(5J 8C0 550

OE 1)-D1/TAU( 1)-03/TAU(3 )-:)5,&0r1 KoC 560

ef2)xO.o BCO 510
e(3IxOIITAU(L)+02/TAU(2)-06/rAU 5-05*T125 sCO 580
0(1.1)=RCAX6*ST31,-RO(6)U(6)kO($U(5))*013IRCI1ALPX(1)/T!IU(1 8CO 590
1.RC34rALPXf 3)/TAU(3) BCO 600
CI1,2)sRCAY6.Sr31.(-RO( 6)eV(6)-RCO ,)'95) ).0T31+PC1*ALPY(1I/TAUJIJCO 610
14RC3*ALPYi 31/TAU(3) OCO 620
0( 1,3).kCAZ6bST31-(RC(6)bW(6J.RO(5)'A % . ;*Dr31',KC1*ALP1(1 )/TAU(11+BC0 630
IftC3*ALPZt3)/TAU( 3) aco 640
C6Z,1)sBETX(6) 8CC 656
C12.2)rBETY(6) BCO 660
C(Zp)JvBETZ(61 BCO 670
O(3,11xCAX6TAU(L)+C6/AU(2-RU(6 *Lu(l3.'&Og51*U(5) )*r125.RCI*8CO 680
IALPX(11/TAUCI1.+RC2*8Erz 12),rAU(2' ."CC 690
C(3,Z)RCAY6/rAU(I+RCY6/TAU(2)-(R0(6).V(6)#L0(5)*V(5J )*T!Z5+RCI*BCC 700
IALPYII)/TAU(11[4RC e8Erf'(2)/TAU(2J 8CC 710
C(3,31zRCAZ6/rAU(l,WCBZ6/rAU(Z)-(RO(61eim(4)),5j*W(5))*T125.RCI*BCl 720
LALPZ( 1J/TAU4 U+RC2*BEFZ (21/TAU( 2) 8Ce 730

C aCC 740
C SOLVE SIMILTANECUSLY FOR NEW VALUES OF P,U.V,W T POINTUs) 8CC 150
C 8CC 760

CO 90 P81.4 8CC 770
Go ro (10,30.50,70). A4 8Co 780

t0 00 20 Jcl,3 8CC 790
00 20 1=1,3 8Co 800

20 E(JtL)-C(J#L) oco 810
GO rO 9G 8CC 820

C 8CC 830
30 00 40 J-1,3 8CO 840
40 E(J,3)xtLdJ) 0CO 850

GO TO 90 PCC 860
C 8CC 870
50 00 60 Jxt,3 BCO 880

E(J#3)-D(Jt3) 8Cu 2' 140
60 EIJ,2)-OijI 8CD 900

GO TO 90 8CC 910
C BCO 920
To 00 80 J&193 8Co 930

E(J#2J&Dfitz) BCC 940
80 ftJ.11=8(jj BC() 950
90 CET(P-EIj= EtIe2)eE(3,3)-E 3,2)*E(2t3))-E(1.2)o(E(2,1l)*f(3,3)-8CC 960

1E1 3f1)*E(2,31)+E(1e33'( E2,1j.E(3f2-E,.Us)E(22iI 8CC 970
Uf6?.OEY(4)IOET(l 11 Co 980
V(61'QET(3f/DET( II 8C() 990
W(0vrjEr(21/OEr( ) BCC 1000
P(6).(05-U(6).(RO(6).u(61,RO(5)ePU(51)-V(61.(RO(61*V(61*RO(51.v(5)IBCCOIO
1-W()(RO(6l*W(6),RO(5)*W(5)1)/2.0 BC01020
RETURN 8CfL1030
END BC 01040-
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$ORI1GJIN C
$IBIHC INTER

SLIBRourINE INTER INR 10
C INK 20
C ~ *~#~*e**eg**e**e**e INR 30
C INR '.0
C ItdL:GkATTCN OVER INTERIOR POINTS OF SOIUTHrN SLRFACE INR 50
C INR 60
C **.*te*U.*~~IR 70
C INR 80

C0DPMUN /SOLUTN/ Y(2,19r191,Z(2,19rI9),U;(2,il99,V(2.19,I91,hm(2,19INR 90
lI,19JP(2,19,19I.PT(19,19I.H(19,19),gLASS(19,I9I INR 100
COI'HON /XRGLT/ RM(2,19,1,9),OXI)L12,1901.i,EXC.NTR,0)ELXIN,,Pm,NtNN.SAFINRk 110

2 TY INR 120
C0JPM0N /CNIML/ PRINT1,PRIN72,EIRfUR,IVSTY'ICLASSNPNttl1,J.LLL,INR 130
lNStART .OELXOOEL.XtKKoX( 2).kMAXNU INR 14.')
II 1-NP INR 150
IF (ICLASS.&T.2) tilxNT-1 INR 160O
JI-2 INR 170
JJI -NP INR 180
I F (JCLASS.EQ.4) iJ1WNr-i INR 190
co 10 142,111 INR 200

IF (ICLASS.Eg.1) Jlx1 1It 210
co 10 J=J1,JJ1 INK 220

II1=1 INK 230
JJj J NR 240
CALL IPTSUt (Y(LI,JI.ZLLtJIPI( I.J1,HfIPJ1.Y(LLI ,J),l(LL,. INR 250

1 J),U(LLtI.JhtV(LL.I, .i,W(LLIJ),PILL,I.Jh.)XL(LLIJ)) INK 260
10 CALL XRGLTR (LLLtfJ) INK 270

RE TURN INK 280
E NO INK 290-
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SIBFTC IPTSUB
SUBROUTINE IPTSUB (y5,15,PT5,H5,Y6,L6,L6,Vv6i.6.P6,OXOL, I P 10

C I PT 20
C *4.**********..**~..**4.*.e***. PT 30
C IP r 40
C CALCULATES A NEWE INTERIOR POINT OF THiE FLOlm FRCI UATA STORED IN~ THE 154 50
C THREE DIMENSIONAL AARAY SU, V, hR, Pt Pr, AND H 154 bO
C IPT 70
C *.......s*...**,...*44e..$.,..~ I PT &O
C I PT 90

COPMON /QTSIUB/ Y(6).L(6),U(6),V(6),W(6),P(6),PT(61,H(6) .A(61 ,RO(6JIPT 100
1,C(6),QI6),QSQP.~6),OUDj(6bDUOY(63 ,DUDL(6).OVOX(6),DVOY(6) ,DVOZ'6)IPT 110
2,OWDX(6),OWDY(6) ,oWDZI6IDPDX(6,PY6,OPDL(6),oPTDX(6),OPTDY(6)IPr 120
3.OproI(6),OHDX(6),0Dy(6),OHOZ(6),CX(6) .OCOY(6)hOCDz(6),oAoP(6,ipr 130
'CAOHi(6),DAOPT(61 ,OROOP( 62,OR(DPT(6),0ROOH(6).ALe'X(6) .ALPY('6) ,ALPI(IPr 140
56),8ETX(6)tBErY(6).BETI 16),ALPTX(6).AL.'TY(6)tAL,'TL(6) ,CPTH(6) ,UPTHIPf 150
6(4).VPTH(&,),WPH(4UTH,(4,VICT4 THET (4D,.i4'T%;,TAU(O),A~i3D5 [PT 160
COMMON /CNTI&L/ PRINTI:PRINr2,ERRORtIVSTYP,1CLASSNP,NTIJ.JJt,LL,IPT 110
I&SrARTt0ELXUDELXKKoX( ?I,X)AXNO IPT 180
C0PMON /INTRP/ 8(6,6) IPT 190
REAL NEUM,KIK29NORMNVNI IPT 200
INTEGER PRNrIPRNT2 [PT 210
'V(5)'5 [PT 220
Z (5)X15 [PT 230
CA.LL INTERP [PT 240

C [pT 250
C INTERPOLATE FOR VALUES AT POINT (5) [PT 260

[PT 270
tJ(5~B.,1)8(2 1I*(5)B(31).(53.[4,1)*(5)L(5)8151)*(5)IPT280

12+8'-.I)*(51.2 PT ?90
V(5)-8(1,2)+6'2.2)*Y(51+O( 3,2)*I(5)e8(4,2)*Y(5).Zr5[4815.Z)*Y(5)..Ipr 300
12+81692)*L(5 1**2 IPT 310
W(51-8(1,3)48(2, 3)4Y(5) .8(3.3)*115),8(4,3).Y(52.I(5)#8(5,334Y(5'.'IPr 3?0
12.8(6. 3)*Z(5 I**2 154 33G
P(5)&B(1,41'B(2,,)eYiS+B( 3,41*Z(51+8(4,41*Y(5).l(51.8(5,41.Y15,*.JPT 340
12+8(6..i)*1(5)0*2 154 350
PT(5)*PT5 [PT 360
H(51uH5 [PT 370

C IPT 380
C CALCULATE PART IAL DERIvAtIVES FOR THE DFPENDENT VARIABLES [PT 390
C IPT 400

CUOY(5)aB(2,1I.B(4,1)e1 (51.2.0*B(5,1)*Y(5) [PT 410
CUDZ15)aB13,1)+814,1 1*Y(5)+2.0*r3(6,11*Z(5I [PT 420
CVY(51s6(2,21.8tA.21*1 (5)+2.0*B(5,2)eY(5) [PT 430)
OVOL(5)wB(3, 21+8(4.21.1 (5),?.0eB(6,J*L(5) IPT 440
OWOY(5).B(2,31+B(4,3)*1 (5)+.0e5,3)*Y5I IPT 450
CWdDZtSI.B(3,3).8(4,3)*Y (53+2.048(6, 3)*i(5) [PT 460
CPCY(518B(2.41.8(4,4,.Z (5)*2.0*8(5t4)'YI5) [PT 470
CPOL(51s8( 3.41+8(4,4 .v (b)+2.0OeB(6,4)*Z(51 [PT 48D

C IPT 49 0
CALL AR05J8 IP(5),PT(53 .H(51,A(5).RG15),CSOR(51,OAOPIS).OAOPT(51,OIPT 500
IAOH(5h90qOt)P(5),oROOPT( 5),ORODH(5)) [PT 510
C(5)aSCRIA(5J40240S0R( 5)/(OSOR(5)-A(5J**2)) [PT 520

C [PT 530
CUOXISI-IRC(5).U(5)*(V( 51*DID5)4b(5J'UOZ(5Il-V(5IsWODY(5)-Wi5)eIPr 540
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c CP0Z(53-9R0(5)*A(5J*.2eCCJVY(5).0W0Z(5),,/(RO(5Ib(A(5)**2-U(5)oe21I 
)PT 550

C PT 560
CVDX(5)a(-OPDY(5)-R0(5)*V(5)*DVDY(5)-RO(5)*w(5)*Dv~l(5) )/(R0(5)*U(IT 510

15)) PT 580
C PFT 590

CHOX(.1(-PD(5-R(5)*V(5)*DwDY5)-R(5)*W(5)0Di01(5) /(RO(5)*U(IPT 600
15)1 PT 610

C (PT 620
UUD5=U(5).fU(5)sOUOX(5).V(5)*(OVOX(5,ODUOY(5) ,.h5.*(WDX(5,oVuoZ(Pr 630
15) )[.V(53.IV(5)**:W0Y(5) 4W(5)*DWDY(Se+VOZ5)lh+W(5)* 51*oWDZS tpr 640
A0B5=UDX(51DVOYIA.DWZ(5)-UUD5/QSQR(5) IPT 650

C (P! 660
CPDX(5I=-RO(5)*(U(5).0JnX( 5)+V( 5,*DUDY(5)+,(5)*(Jfl (5)) (PT 610
CELY=OELX*V(51/U(5) (PT 680
CELZ=DELX*W(5)/U(5) (PT 690
P(6)-P(5)+(0P)X( 5)#ELA+OPD'1(5i-!EL'+0P0Zt5)*0ELL)/3.0 IPT 700

C IPT 110
C INITIALIZE LOOP VALUES (PT 7?0
C, (PT 130

IF (pt6)) 10,10,20 IPT i'4o
10 U(6)=U(5) iPr 750

V(6)=V(5) lipr 760
i"(6)=W (5) 101 17o
C(0)=05) (pT io
CSaK(6)=QSCKc5) (PT 19)0

P(&j=P(5) lil ot
GO) To 30 ! VT 100

C (,' 130
20 CALL AROSD) (P(6),Pr()tn()A(6)R(6),CSQR(6)I [,IT DO4)

,6)=U(5),0uODXU5)*DELX,0DIY(5?*flELY+UZ(5*DELI I"~n"
V(6)=V(5)+OV0)X(5 ).OELXOVOY(5)*D!1LYOv0Z(5)*CELI (PT 1.10
lc(6)=W(5)+CW)Y(5)*PELX.O)WDY(5)*OELY.OwCZ(5)bCELL III, Ist'0
CS=Utu)**2*V((6)0*2+W(6)**? IP'r 1490
9ATIflS0RT(SQR( 6)/OS) IPr 9o0
L C6 )=RA1 (*U (6) tI'IT 11(1

h(6)=RAT10.(-(6) lji 930
30 .ASIGN 40 ro 1': V T 9140
C IPT 950
C UjAIElT NJVTWORY W.t.T. PRESSURE GRADIENT PROJECTION C., THE Y-1 PLANE IPT 960

Cfill 910
SLOP=DPD ( j) /DP()Y( 5) 1i'T r hso
NCUYh=SCRf(2.0*(1.04SLUP**2)) (PT 940
KY.( 1. .0+sLO(jP I/ JE.t (pT LonO
NZ= I 1 )-SLCP)I4qEut ley't 100
CO 320 hxl,20 I PT 1020

C I PTI030
C IPT 1040
C FIND COORDINATES OF NEO POINT FOR !TH (TERATICN (PTIO00
C I PT 1060

TAU(5)-?.0b0)ELXlIU(51+U(6)) I PT (010
Y[b)=Y(5)-(V( 61.V(5) )*TAU( 5) /2.C I PV1080
1 (6)-Z(5)-(W(6).w(5) )*TAU(5)/?.0 I PT 1090

C (Pr 1100
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C ESTABLISHI SYSTCOA OF R-t Eg1ENCE VECTORS, A AND J3 I P TI I 1
C Iplt 120
C I PT 1130

NELIM=S0RT((tiY*UJ(6)'*2+(NY*w(63-NL*V(6) )**?.(N'?*U(6) )&*2) IPTII.u
ALPX(6)=(NY#W(6,-NLov(b))/Nb-uM !Prilso

ALPY16)=(Nl*U(63 )/'4'-U I P1libo
ALPZ(6)=(-NY*U(6)I. lF'' I PT1170
()ENO=SORTW(QR(61; ip: 1kb.
BETX(63=(V(63*ALPl(6l-W(b3*ALPY(6))/OENO Ipri'190
±3ETY(63) (W163 *ALPXI6 )-U(6)OALPt (63. /OENO I PiI200
l3ETI(bh(U(6).ALPY'6)-V(61.PALPXit6I IIDENO IPT 1210

C !P12.70

UE14=1ErX(61IALPv(6)*W(6)-V(b;eAPA(6))..ALPA(6)s(BETY(63*h(6)-IPT12.)O
1 V(63*BFTI(63 3tU(6)*(tSETY(b)OALPZ(b)-ALP)Yie)*!$U1(6J) Ipfi240)

DETP1=AtPY(b)..4(6l-V(6)*ALPl(bI I PT12510
DETM2=BFTY(63*ALPl(6)-ALPY(6l*8(TZ(6) I. ia0
UET"3AtLPX(6)*W(63-J(6)*ALPI(63 fi P 1210
ODrT'4=dEFTX(6)*ALP. (b3-ALPX(6)*BETZ(i6)1 2V
OE1'D5ALPX(6) 'V(6 -J(6)*ALPY(b) I PT 1)0
OET'P6=fFTX(6)ALPyt6)-AL9X 6)413ETY(6) elii
(U0 310 J~lt4 13 P I!)

C1 113?0
GO TC hNN, (40,50) 1 1 IV

C IiP T 1340)
C INIFIALILE (Idt.R LOOP IV P115)

CIlSW
40 U(JS=U(b3 11" 1 0(

V(J)=V(5) I'1 s'.'.
w(J)hw(5) s- I hO
C(J)=C(5) Iv1 #'1 iC0

ALPX(J )=ALPX(6) I '
ALPY(J IALPY(6) 11"
AIPI CJ 3ALPI (63 1 t'' J4 0
IETX J )=RC-TX(6 I I d'T 14.4
(sETY(J )=Bt.-Y(6 ) I."T I;1450
flETl(J)=(SETj(6) IV "11460.

C IPX (410
C CALCULATE TAU(J) FOR 1TH IrERATIOtl I P 1409)
C 1P 1400
50 GO TO (60. 70,OCt903, J I P1 1,,Y
C i t, 16 . C
60 CALPHC(6'-.ALPX(63,C(l3*ALPX(l) 11,111).0

GO TO 100 I PT 1530
C I P fI 1'.)
t0 CALPII=C(61*BFTA(6 ICI/JhOE X(2) I p TIt)*n

GO TO 10') I PT 15.0
C Is, Ip)'M
110 CALP-r-4.6 3*ALPX( 6)-C( 3)*ALP)(13I I 1 1)fit

GO TO 1()j I p T 11,40
C I fT 11600
90 CALp,.-r(6).HE~fXg6)-C143.OETX((4I jpI P 0
100 TAU(J,-2.0.(-)ELX)/tU(6,U(3.CALP.. IPTI620

C I PT 1630
C CALCULATE Y(U) FOR THE lITH ITERATION IPT 1640)
C I Pf 1650

GO TO (110t,2O030#140), J IVPTIb60
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C I VT 16 70
110 C.ALPYV=C16)&ALPY(6)+Cil )*ALPY(l) I PT 1bd8

CIO to 1501 I PT19~0
C I eT 1100
120 CALPY=C(6)*8ETY!6 (,C(Z2*8FTY(2, te 1710

GO TO 150 I PT 11 21
c IPT 1730
130 CAL PY=-C(6 ).bLPY( 6)-C1 3)* ALP Y( 3) 1 Pr 1140

Go to 150 I PT 1150
C I PT 1760
140 CALPY--C!6*BETY(6)-CI4*IiE'IYIi I PT it1,0
150 Y(J)=~Y16)+(V(6)+d (J)+CALPY)*TAUIJ)/2.0 1PT1180

C I pr !110O
C CALCULATE 1(J) FO0R tISE Ili, ITERATION D-IBOO110

C (pT 1810
Go rC i160.i10.180f,90)t J IPfIts20

c. I PTli,30
160 CALPl=C( 1) *ALjZ(14C(61*ALP1 (6) (PT 1t1s0

GO TO 200 1 PT ±tsfo
C IPT Iibo
170 CALP1=C(6)*BETZIb 14C(2)*BETI (2) (PT 1810

GO TO 200 (PT 1881)

180 CALP1=-Cto)$ALPZ(6)-CI3I*ALPB(3I I 1T (1100

Go to 200 IWPI 1910
C I' eT 197c
190 CALPZ=-C(6)sOETZ 6)-C(4(.(TZ(4) 10 T1 30
200 1IjI=1(6)tIw(6J*vi(J)tCAI.P1)*TAU(J)/2.0 (IITi 1 40

C.I (PT 19 1.)(
C CALCULATE VALUiES FOR Up V, W, HI, P, PT, AND DERIVATIVES AT BASE IP v 11106
C POINTS I P11') 0

C (PT 19d0
1JI=Bfl(1,1I*(2,)*Y(J)403(3,1*ZJhB(4.1)*Y(J)bZ(JI4BI5,I)*IPT 19'10

1 Y(J)**2*B(0,(1)*11J)0*2 I v r Zooo
C IP12n10

I l YJ?'ic,) *l( JI)0e2 IPTZ( 30

1 Y(J)*v2.B(&,3)*L( J)** I pT2r~
C I PT2 10

I iJ )h*2.bt 6,4) -711 J )**2 1 P r2 --O

PT 1.) 31, 5 -8i2, ,(SYIJ (3, )*ZIJ),R(4,5).YIJ).LIJI,8I5,5)*PI2( 10
I *Y(J)**24fU6.5)*1IJ).,*2 IPT2120

C IPT21 30
H(JlrBI1,6)+RI2,b)$YIJ),8(3,6)*l(J)+11(4t6(*Y(J)*Z(J)$B(5,6)*IPT2140

I. Y(J)**24B(6,6)*1IJ)*e2 IPT2I 50
C IPTL60

OIJYIJ(xB(2, 1)B( 4,l'*Z(J).?.0S0(5,1I*YIJI IPT2(170
CVOY(J)I8I 2,2)48(4,2)'*ZJ)42.0OR(,,2)*Y(JI jPT2idG
U;W0YIJ(~8I2,3)h8(4,3)*I(J.2.0*85,3)'vIJI JPT2190

OPTo)YIJ)=8(Z,5 .814,5)'l(J).2.0*015,5)*Y(J IPT2210
0140Y(J(.0(2,61.8( 4,6I07(j)42.0*B(5,6)*Y(JI IPT2220
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DVDZ(J)-B( 3,2),B(4,ZJ*ytJ142.O*fl(b,2)*Z(JI IPT2240
DWDZ(J)=B( ?t3),B(4,31.y(j)+2.O*BIS,3)*l(JI IPt22'5U
DPUZ(JhB8(3,4).B( 4,4)*Y(J).2.O*5(6,4)*Z(J) IPr22b0
DPfDZ(J)-fl:3,5)+B(4,5)*YI JI.2.0*Bkt5)*L(J) !P12270
OHDZ(J)4B( 3,6),B(4,6)*Y(J),2.O*B(6,6)*Z(J) IPT2280

C IPT2290
C CALCULATE A, RD AND DERIVATIVES AT BASE POINTS IFT2300
C FROM THERMOD0YNAMIC DATA IPT2310
C IPT2320

CALL AROSUB (P(J),PT(j)ttH(J),A(J),'RCIJ1,USQR(JIIAOPNJD,DADPIPT2330
I T(J),DAOH( JIDRDU)P(J),DRDDPT(J)ORODtiHJ)) IPF2340

C(J)=SQRT((AIJ)**2)*QSOR(J)/(QSQN(Jl-A(JI*42)) IPT23jO
C IPT2360
C CALCULATE SPACE DERIVATIVES USING ENTRCPY AND ENTHALPY CONDITIONS IIVI237(l
C ALUNG STREAMLINE Ipr238(,
c I I' 23910

P)UDX(J)=(RO(J)*U( JI*V(J)PDUDY(J)4IRC(J)*U(Jl'qW(j)*DU0)Z(JI-V,.JIPTc400U
1 )*OPOY(J)-W(J1*DPDB(J)-RO(J)*A(J)**2*(CVDY(J).DWDZ(J I /(kRu(1P12410
2 J)*(A(J)**2-U(j)0*2?) I P12420

C IPT2430
oVDXIJ)=(-DPP'i(J)-RO(J*VIJ)DY(J)-RC.I)*W(j).DVDI(J) )I(KCIPl24 4O

I (J)#UIJI) Ii'T?4'i
C IPT2460

CWDXIJ)=(-OPflZ(J)-RD( J)*VIJI*DWD)Y(J)-RC(J)*W(JI'DWDZ(JI I/(gCIPT2470
1 (i)*U(J)l IPT1480

C IPT2490
D)PDX(J1=-RU(j)*(IJI.DIIDX(J),V(J)*CUDY(J1+wIJ)*DUDZ(J) I IPT2500

C Ipzt2)10
DHDX(J I=(-V(JI*DHDY(J)-W(J)*DHDZ(J) I/U(J) Ipr2520

C I PT 2.)30
DPTDX(J)=( -V(j)*DPJDY(Ji-W(J)*DPTUZ(JI 1/U(J) IPT2540)

C I p 1.)15
KizIC(6)*#2)/QSQR (6) 1 PT2,j6O
K2= 1 *0 #K1 125 70

CIP 12, 8
DCDX(IJ )=C I)*'3'( (VADP(I J ) UPDX ( j) +CADPI J )*DP TDX IJ) +0AUI(J) I P .e!10

1 OHDX(J)I/(AIJ1**3)-(U(J)*OUDXJ.V(J*DV)X(J)Wj)OWI)X(JJ)/IPT/601)
2 (ISQR(J)**2)) IT6(

C IPf?62(
ODIY (JI C I j)** 3 *( (CADP ( J i*JPOY ( J ) AUP I(J) *U OY I J) DAjH J) 4I1P 121,r)

1 DHDY(J))/IA(J)**3 )-(U(J)*D)flY(J).V(J)*IVOv(J).W(j1*D)WtY(JI)/IPT2640
2 (OSQR(J)**2)) I P[I26t.O

CI 110
DCOI(J)=C(J).*3*((rADPIJ)*JPDL(jI.DADPUIJ*DPTDZ(J)OA'11J).1Pt2610

1 OHDZ(J)1/(AiJI)**,l)-(U(J1*OU[)l(J)+V( J)*DVDIJJ1+Wij)*PWDl(J))/IPT 680
2 (OSQR(JJ**?)I I Id?690

C I P 2100
C CALCULATE VARiATION CF ALPHA AND BETA Ar BASE POINTS I P T 110
C I PT?120

GO TO (210.220,230,240), J 1P[2730
C IPI'21'0
210 CPTIn 1 )=C(6).IBE X(6)4*DCDX I )'BEIYI6I'CCDY(I)+BETLU*,)*OCDI( IIP12?1)O

1 I) (PT1160
UTHT=U(h)*C(6)*ALIIX(b) 11112170
VTIT=V (61+C (6) 'AL PYI b) 1r1
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WYHT=W(6 )*C16) *AL P11) [PT2790
C i P172600

UPrH(1)=C(6)*(eErX(6)*OuDXil).RETY(6)*OLDY(I)+BETZ(6)*O)UDI(I[Pr2B10
I )) [PT2820

c IPT2830
VPTHh1)=C6)*BETX(6)*DVDX(1)+BETY(6)*CVDYU.)+BETZ(6sDVL(11PT2840

I 1Pr2850
C [PT2)160

WP1H(1)=C(6)*(OErXI6)*OlWDX(1)+BETY(6)*O1W&Y(1),8EI16)*DWD~I11PT2870
S I) .prz8ao

GO TO 250 [PT2890
c IPT2900

220 CPIH(2 )=C(6)*(-ALPX(6)*DCDX(2)-ALPYI6)*OCDY(2)-ALPl(64OCDZ(IP291)
I 2)) I PT2920

UTHT=U (6).C( 6)*BE lXi6) [PT2930
VTHT-V(6)+CI6)*BETY(6) iPr2940
WTHT=W(6)+CI6)*BETZ(6) I PT2953
UP1H(2)=C(6)*(-ALPX(6)*DUOX(2)-ALPYI6)*DUDY(2)-ALPZ(6)*OUDL(IP12960

1 2)) I PT29)10
VPTH(2)=C(6)*(-ALPX(6)*0VOX(2)-ALPY(6)*O(2)-ALPZ(6)*0VUZ(IPr29SO

1 2)) [PIe 49
hPTI(2)=C(6)*-ALPX(6)*0'WDX(2)'-ALPY(6)*0W0Y(2)-ALPZ(6i)*OhDZ(IP13O000
2)) I PT 3010
CO T0 250 I PT 3020

C I pT3030
230 CPTH(3)=C(6)*(-BE1X(6)*OCDX( 3)-IETY(6)*OCDY(3)-BCTZ(6)*DCDZ(1P13040

1 3)) 11 PT305O
TITU(6)-C(6)*ALPX(6) [P)[10601

VrIITzV(6)-C(6)*ALPY(6) [V To 0 
WTHT=W(6)-C(6)*ALPZ(6) I V f t~op
1,PrH3)=C(6)*(-BE1X(6)*OtjDX(3)-fFTY(6)*UUDY(3)-OETZg6).DDuOII1l'r1090

1 3M 1 PT 1 5 1'
c I pr.11 Inr

VP1H3)=C(61*(-fi1TX(6)*DOX(31-OETY(6)*UVI)Y(3)-rETiI6)*OvDl(1pr11l20
1 3)) [P 1 1 0

C I *' T 140
wPTH(3)=C(6)*(-BETX(6)*OWflX(3)-OETY(6)*0w0Y(3)-BETZ(6)*OWUZ(iPT3150o

1 3)) 1 PT 3160
GO T0 250 l&01 3170

c [ PT 31 80
240 CPTH(4 )-CI6)*( ALPX(6)*O)COX(4)+ALPYI6)*OCOY(4) ,ALPZ(6)*0C011i41P13l90

I [' 11)
UTHT=U(6)-C(6)*BETX(6) 111T)"~10
VTHT=V(6)-C(6)*BIETY(6) IPT3220
W1H1=Wlb)-C(6) *OETZl(6) 1IF3230
UPTH(4)-C(6)*IALPX(6)*OUOX(4)+ALPY(6)*OL0Y(4)+ALPL(6)*OUDl(4IPT3240

I ) I PT 3?t
VPTH(43-C(6)*(ALPX(6)*OVOX(4),PALPY(6)*OVDY(4),ALPZ(6)*OV0)L(4IPr3260

I )) I PT3270
IPTH4)zC(6)*(ALPX(6)*DWOX(4)4ALPY(6)*C14)Y(4)tALPZ(6)OhDZ(4P328)1

1 ))1 I [3290
C [PT 3300
250 UTHET J)=UIT*DDX(J ).VTHT*OUOY( J).WIHT*OUOZ( J) [PT3310

VTIIETI J)-UTHT*OVDX(J )+VTHT*OVDY( J)4WTHI*DVDl(J) I'3120
WTHET(J):UTHT*OWOX(j )4VTH4T*0W0Y(J)WTHT*'DDZ(J) [pr3330
R3=-(U(J)*ALPX(6) ,V[J)*ALPY'(6),W(J)*ALPZ(6) )/TAu(jI [PT3349
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GO TO (260,270,280,290), J I PT 3350
C IP 13360
260 843Kl*(JETX(6)*urHETII)4BETYI6)*VTHETI IiIETZ(6)*WrHET(1i)-KIlpr33?0

I 2*(AL.PX(6)*UPTHII).ALPY(6)',VPTH( 1).ALPZ(6).WpTHII))-CPTH(1).1PT3380
2 KI/C(6)*EU(6)*uprH( I)tV(6,.VPTHI I)*W(6)*WPTHI 1)) IPr30

tl= 34/IC6) IP1 3400
GO TO 300 i PI3610

C IPT3420
270 84=-KI*EALPX(6)*UTHET(2)+ALPY(6)*VTHET(2),ALPZ(6, sWTHET(2) )-IPT343o

I K2*(BETX(6)*UPTH( 2).BETY(6).VPrH(2).BETL(6)*WPTH(2))-CPrH(2)IPr3440
2 *K1/C(6)v(U(6)*UPT (2)e-V( 6)*VPTH(2)+W(6)owprH(2)I IPT3450

B1=84/C(6) I PT 3460
GO TO 300 I PT3410

C (P1t3480
280 84=-Kt*(8ETX(6)*JTHET(3)+BETY(6)*VTHET( 3)tOETZ(6)*WTHET(31)1Pr3490

1 K2*(ALPX(6)OUPTH( 3).ALPY(6)*VPTH(3[4.ALPZ(6)*wPTH(3) )-CPTH(3)IPr3500
2 tKI/C(6)*(U(6)*UPTH(3)+V(6)*VPTHI3)+W(61*WPTHE3)) IPT3510O

GO TO 300 I P(1, 30
C I I'TY 14 0
290 04=K1*(ALPX(6)*UTHEYI4)+ALPY(6)*VTHET(4)+ALPL(6)*WTHETI41) )KIPTSi60~

1 2*(BETX8?1*UPTH', ),RETY(6)*VPTH(4),(3ETZIA)*WPTH(4) )-CP1H(4).JPr3560
2 KI/ C(6I*(U(6)*UPFII(4)+V(6)*VPTHI 4)eW(6)4.WP 111(4) 1 I3/

B1:84/Cl 6) 11IT 3580
C IP p 1 1.0
C SOLVE SIMILTANFOIJSLY Fr)R ALPHfA VARIATICN FROP Pr(6) TO BASE POINTSb'T 360'J1
C 1I 31. 1)
300 ALPTX(J)=( B1*DETM I+t3*OETM?)/OET4 1P ?

ALPTY(J)=-(814.CET,13+83*orrM4)/0)CT4 FT3!63')
ALPTl(J)=(I1*OET,53*OETg.6)/)ET4f I f, (4 0

C I lo1 36110
C CALCULATE MHE ALPHA AND BETA CUO4P0NENS F-OR ALL 3 I VI J6'0)
C 11 1t it, f -

FALPX=ALPX(6)+ALPTX(J)*TAU!J) 1I sT ;1 tio
fALPY=ALPY(64ALPFYIJ)*1AU(J) [p1 (, 10
EAI.PI=ALPZ (6) tALiprilj )*TAUIJ ) 1 3 1i00

C I, 111.)
C NORtHALILE ALPHA TO MAKI UNIT VECTOR Iv 31/0
C I p I U30

NORM=SGRT(CALPX**2,EALPY:*24EALPZ**2I 11113141
ALPX (J )=EALPX/N4v~ I fT lb()
ALPY(J )zALPY1N0;(M [P1 3160
ALPZ(j P=EALP7/NORtm I 'T 3110
(G(J)=S(JT(QSQR(Jh ) IPI 3180
IETX(J):-( ALPY(J)*W(J)-ALPZ(J).V(J) 1/Q(J) IpTl31#0
IWTY(JI=-(ALPZ (JI suJJ)-ALPX(J)*WIJ) I/Q(s) Ilstieoo

310 BETZ(J[=-IALPX(J)sVI JI-ALPY(JI*UIJ) I/Q(J) Ivpfto
ASSIGN 50 TO 1188 1 ido
PTESr:P( 6 Ii) ITI3

C I P13b40
C SOLVE COPPATIBILITY EQUATIONS [pT 3i50
C I PT 1860

CALL COMPAT ;pr itJ7
QS&U(6)*s2.V(6)002+4(6:**? IPT 3880
P(6J-IPf6I.PTEST)/2.0 I PT31390

C I PT 900
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CALL AROSBI (P(6),P'r(5),H(5) oA(6),ROt6),QSC~(6)I 1;)r 19 1o
C(6)PSQRTIQ5QR(6)*A(61*4&2/(QSOR(6)-A(6I*t,2)) 'Pr3920
RAIIOzSQRT(1SQR(6 I/05) I PT3930
U(6)xRATIO*Ucb 6) PT3940
V(6)zRATIOOV( 6) IPT3950
WI61sRArJO*W(6) IPT1960
If (Z.O*ABSI6)-P;ESTIPTEST-ERRORI 3300 3A00,20 IPT3970

320 CON71INUE 1 P73980
CALL ERRORS fit) ;P73990

330 C(6luSOATIOSQR(6)1 I PT'.0O
C IPT4010
C CALCULATE XSTEP REGULArIVEG PARAMETER IPT4020
C IPT4rj30

CXDL.U(6#*#2/(Cf6J*Q(6II*(1.0-C(6I/1a'6)*SQRTiA8ScO.RLP6~Ltil61.o2-U.pVr.4O
IPF4o0

Y6-Y(6) lPt4060
Z6x1161 )47
U6=U( 6) 1 P'4080
V6=V16) hIV4ii90
ltb=W16) lpT'4100
P6xP(6) IPT41)10
RETURN Ipt4Lzo
CNU IPrl3O-
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$IBFTC COMPAT
SUBROUTINE CUD4PAT cut, 110

C COP 20
c 4******~~*** ******* 0 **404 COP 30
C COM 40
C SOLVES THE INTERIOR POINT COMPATIBILITY EQUATICNS COP' 50
C CUP 60

CO' Ito
DIM4ENSION E(343), 0W303). 8(3) ETM4 cut, 90
COPMON /OTSUB/ Y(6),Z(6),U(6IV(6hfW(6),P(6)fPTf6),Hf6i,Af61,UO(6)C,1M 101
1,C£6hQ(63,QSR(6)OUDE(6)010Y163UOZ6),DVDC(6).DVDYI6IOVOII6ILJUP HU
2,DU0~I6IOWDY(6),0WDl(6),OPDX(6),DPOY(6hoPZ(6,0PTOX.6)rPTUY(6)COM 17'V
3,UPTDZ(6I,OHUX(61,UIDY(61DHD(6)hOCDX(6bOCDOY(6hODCOZ(6),UDAO(6)CUI' 'Jo

56,.tETXE6),8ETY(634BETL(6,,ALPrXI6),ALPTY(6l(ALt-rI6,CPT4(6) ,u'rHcuI' too
6(4),VPrI1(4),WPTH(4).LTIIFr(4),VT*1ET(4) ,i4THETI',).TAUJ(6) .A0005 cut, £60

C cuff Ito
C CALCULATE COEFFICIENTS FOR SIMILTANEDUS DIFFEREWCE EQUATION~S FOR uCOs" IeC,
C CM, 190

LIBU1sE l)*IBETXII)*DUCx( 13.BFTYIII*10VDX(1).0DUY(1))O8FTZI10e(VCU' 200
IWUA<(1) .. dl(lJIlo$ETY(1 '*(BErY(1).OVOYII).BETZ(1)*(DWOY(11.OVOZ(I)CUI el)
.Z))#8ET1 YSETL(1*0OOZ(I Co. ?70

C C01- z3u
P8C3-BETXI3)410ETX(3J*DuOXI 31.f£TY(3)*IVVOXI3).OUYI3))ORETZI3)*(0C.U" e40

11UX(3) 00113 ) #ET Y(3 s (E TY( 3.*OVo1)+ OFT I 1)*(0W0Y13) +OvDZ 3 ?("w 2 1>
2))v8ET1a33.oETZ(31*DWO1M LC.' 06

C C. ;" 1,
AACALPXI)*(ALPXI0)DuCX(214ALPY(0V0AV(+UY'2))ALPZ2)ICC/'I b&'.

IfOX(2) ItO?.I 2) 11 +ALPY(? )* (ALPY1 ?)*OVUY (2 1 ALPL (2)e(Dw')Y (2 1l.OL 2K JP ') 0
2)),ALPZ12)*ALPZ(?).0012I I(t S,'l

1W0X(4I*0UDI4)).ALPY(4)IoALPY(4).DV1)Y(4).ALI(41)W~Lw)YI4£,Uvf)134pe ii;

2))*ALP1I4)$ALPL14JsD~w0Z41 ,'' 14'
C C.,.I. .s'i'i
C ( I 41,0

RCG-RUN)*sC(6) C'" ;i V)

RC3ckO0(3)v'C(3) L 0- &40
RC'nROI4)*Csq '.3 C' i r)
RC5'RO(s1*:( 5) C UP 42'f)
RCAX~sUPC60*LPA(6) C 0. 431
'RCAY6='RC61ALPYI 6) CE' 440
I4CAZ6a'RC6$ht.PZ(6) CU" 450
RCOX6%.4C6$RETX6) 1:011 460
AC036aAC60BETY(6) COP 470
1CS16=cC6*8ETl(&Z cut' 4e

EZ6#RC I ALPZ 11) * II ,':tOC I1 -8 51 *TAU ( I COP' 500

1l64CZDETf4)wj234R2C()AA2TAU-(2) COP 51)0
D~20P)ilA6zR~AP()*()(CY+C*LY31&i)(CCt D10
11l6RC3ALP3k:eI3)k: jft3oi~3*TA(3I CUP 540
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tD4-2.0vP(4I-(RC0fXb#RC4.f h X(4 )1 -JI 4-R.tYb,.FC402*V(.#VI- I 4110 0,

(";2.Q4P( )I#((')'(b)*U(&h1 9 *1 JI)U(*A )#U I,)#I KOW OV(b .i40(5j*V (5) 1 VCuf' 510

6 0 0 P 15 1 + K ), CI I A 4 C ul 1 U 5 Jcuip "')o
J6.Z.O9PU(5)(A0I)/lt)(*I/AU() Col, ('00

C,,j1-(1AU(3j-TAUIl))/1AUg))/TAU(i) CLU10 670
Cf42ITAU(4)-rAUJ(2i1)fAU(4IAU(I C014 ()0
t125-IJAU(t).IAU(2))/*AU' lIAIJ(2)-1.O/fAJIS) CUP' t40
PM 1)4/.IAUI1)-Gi/IAUW-li5 (I I Coy 6,30
(12 ; -D? / T AU 1-1) 4 /T Atj (4 1-1)$0 T 4 C UP 660)

13 3) 01 / TAU II) #0 21 TA UI ? J- 06/ TAUe.)-US 011l CUMi t.10
CiI.l) 3'CAX6*SFI(-dol 6)eUL6)-$UI5).U(5)Je'0131ItALPX(II/IAU[i)CJ' £80

l*KC3*ALPXI 3)/JAU(3I Coto 690

1#11,C41ALPV(I )II-103) cum 110
CI1,3j-(-ROj(6)*WI6)-qjI5IOW15)).u)131.(CI.ALPLIIII/IAUII)*RCIe*LPL(3CUM4 720)
ij/rAUI .uCAPb*SM3 C01, 1;0
rI2.1)-Cx£.ST?(-KU(e,.*ut6)-RflIJ1U(5,)*OU42.uC2.8ETXt?)/T~t2C(Up 740

IsftC4*SETX(4 )/TAU1I') CUld /so
UI?,ZhI4CbYv£'5i42+I-RoE( 614FV161-RI(510V 15;)601.2#C2 *BE IY I J/AU12)C3'A 160
I.11C4*lJEIY(4 1/FAUI.) cut, /to
CI2.3)-CH64.[421-4Ol £eW16)-Kuf5)Iw(5J J*OI4.-RC2*8ETli~j/fAU(IC0PI 780
I.RC4s8I-l14 1/rAll') CU14 190
C( 3t1 ) zCAX6 /IAU( 1)+i4C1)s(/IAo(? )-tp i6)#LtJ£),05.iLu(S) )01125#(Ci$CUP 8s00
LALPX(zI)/TAtfiI.Ic2.bflrAI/IAu(?J Colo 1110

Ut ), 3)-kCIsl6/ IAu(2)-(,tJ I 6)OWI 6) llM0(5)0615j )*I 1?54lC 14ALPZ I I)/1AuU( CuO 840.
I).iICZ*eI/I?)/AU2)eAle,/tAuil cop dho

c SIXLV E S I P I I A~t4UUSLY VO f J 41fW V ALUF S Oif P 9Ut V 9 AlI PO 1 (t6) C UP' b 10

(.0 90 V.),'. CUP o0
4U Toi 41093905011C).* CUP' 9o')

10 U') .0 J-10i cum 110
00 ?0 LzI#3 CUP 920

20 E(JtLIZLIJ#L) CUP 910
GO 10 90 CUf* 94U

C COP D', 11
30 DO0 40) J I, I Cup 9 t0
4() kHJ.31-Pij) C(10. 91V.

GU to 400 (LI )do
L COM 991)

fbi. $I Dai . U) C11P01010

C CUP IIU'.
10 W) 80 J. I, I CUP 10'))

10 kI (j 1 () CLkmi,2 (.UIto

L0itI '.) f ,3 . I 10 1 f II,?I f1 ;1 1 II I t1) fIi II-( tjP 0 , (
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1-WI61*1RO(6[ow(6 J+RQ451 *W( 5)3) /2.0 C0111140
RE TURN CO.'1150

Cuom11o-
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WORIGIN C
$IBFIC PRNOUT

S(JtUfOUIIUE PRNOUT PAtN 10
C P14* 70
C *eeee**eee*e*.e***e.~e*~.e**eee PRN 30
c PRN 40
C PRINT OUT SOLUTION SURFAMEESSENTIALLY THIE SANE AS PRNIVSI P14* 50
c P14* 60
C .eet$*ee*.**eoee** ********b0e P14* TO
c Pkm* s0

CUKtON /SQLUFbj/ Y12919,19)1(2,19,19 L.I2.19,191@V(2#19919,*tff?,9PR4N 90
1i~*fs9. 19itPl(19,19.ri 19. 19) ,ASSI 19,195 P14*4 100

COI'MON /CN471L/ PaiNti.PRI'4r2,ERKOR!SrYPICLASSNPNtIIJJ.LLLPRN 110
1*N$iA1T.ELE.CJELX.KKX(2)P*4AXNj f'K' 120
COmHON /X14GLt/ (.9110OJ,91,ECI.EX('.NhSFf 130

I tV P14* 140
CUPMON ICCNSfl PI.ORADOTU#G,STUUG PR&1 160
CVPnO?4 lInRUI/ AkEA.AR9.AT,~fA.@T141IT.RI*l1HR1.XT *YTH4IZltit.XP4'4 160
1P0MJ,YPOM(IMUMT ,PAMB,lrMASSt.RFASS PKN* 170
IMTCtjf P141N11.PRINT2 PAN* I flO
)%ostIp #14* 91
IF (ICLASS.GF.Z) NOR'.T PHN* 200
hPMir a PR INY 14 1 PAN* 7.0
L IN*4l 11N #1220
Go to (10,40.ia0J, f4P1NT PRN* 230

10 WRIT1E 46.1101 XCLL.14 PAN 7'0
WA4ITE (64150) tREArRM4AS#XTMR,Ti4Rlr*4a40MOPTVM014T!*40IT Pxht 2510
-IITE 16,160) PRt4 2bo
WA I re (60120) PAN* M1
bA1TE (6, 130)1 Pitd ?8i0
JZaNP PANt 290
If (ICLA$S.EQ.4) J2AN0 PRU* 300
CO 30 Is1.NU*P141N77 #14* 3i0

J1 a I PAN~ 320
IF IICLASS.FQ.I) Jl-I Pk%* i30

(.0 30 J41.*J2$11NT? PA14* 40
IF (LIfJE.LE.541 60 TO 20 PANt 35.0
sniIEl (6.110) XILL),K(( PANt 360
WRIIIE 16,1201 PKN* 310
U.(I(F (6,130) Pk4* 3(10
LINI-I PAN* 390

?0 LINEAL 1Nf~1 #14' (to0
IOLPxPT(I IJl/I 4'..C PRN* 410
FOLNIH(I#IJ)/BTUOG PAN* 4?O
W.RITE (6#140)1 IJ.VILL.IJ),ZLLtl.J.WIL,1,J.ZLI.J.YI.a.JPRNe 430

1 ),V(L.I..)P(L,.J).Ut)L.iJ).V(LLI.JI * .LLi.J),TOLP.TOLL PKN* 440
30 C ON II NUE InAN Is5(,

GO to 100 PA4'4'60
C R # 4 1)
40 %xiTE (b.1L0) X(LL)J,KK1 PRN 4*e0

UA4l1E (6,150) ARFAI.R4SStXT4RYIR,lr,X'MC' IOg'MT,U'MT P1414'90
h14ITE (6.170) PM'. 500
h~lITE (69.120) PAN* 510
b-64ITE 16.130) #tN1.1
J2 f4P PA14* 3(
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I F (ICLASS.EQ.4) J?wNO Pk# 541)

CO 70 I-IvNO.PR1NF2 Pk% tob

IF (ICLASS.EQ.1) JIs m!t t
DO 70 JmJl,J2*PR tdTZ PR.N 5N00

IF (IE..RJE.)GO 10 50 pb(', 5,90
IF II.EQ.N0.0R.j.E.N~OS GO TO SC -af 600
GO IC 70 PsRN f,10

C PRtN b?Lr
so IF ILINE.I.E.541 Go 10 60 PRI, C,10

i1RITE i6e.11O) XILL).KK PRA4 t,4l
WRIIF (6,120) PKN bt,50
WRITE (6,130) 66t 4)'

to TOLP-PT11J)/144.C P4*j .dSO
LINItarmINE#k PHU wfr)
T0 L 4 0 P I, J I/B8T -O G PA-4 I UO

WRITE (6, 140) I.JY(LL*lJJL(LLt1.J,tv(L.1,J,.Z(L.1 .JJ .(L.,!,JtI Ill.
I ).VEL. I,JbfP(LIJI.U(LL. l.JI.V(LL.I.J).W(LtL.J). rOLPrOLH Pkti I()

70 CONTINdUE P' j Ig,
GO In 100 Poet. 141)

C Px% I1,O

s0 IF (L1NF.,LT.55) GU TO 90 I,~ 76,0
LINE&C piui 110
WRIJTE 16.1901 px(0 I tit)

90 UKIrE (6#1801 XILL),KK PK'; Iit
LINE-LINF.11 vkh~ lJP4J
!WktrE (6.150) ARFATRMASSXTH.~R,ThtIil,xm0pltyi0T!'

4 ONT PeII b !
100 hkITE (6,200) IWM,tINNSAFryUELX p -04u (

R ETURN P-4 h 139,

C e'Otq l
4

t.)

C PH'N tU.
1LO FOR1MAT (IH1.18HSOLUTIOpj !URFACF -sl0X,3HX **2X*Fb.42c,4w4(lh),416Pxt- tsf,0

120 FORMAT (IHO.10x. 1I!,2x, 1HJ,6XIHY.8XIHL. .1oHH~odaz.C9X1lmP.IA.3Pkfz b0
1 ORHQ.9xtlHT.9K.1Hu.10g.1e-V.8X.1Hiw,7x.2#1PT.8e.iHit) pm. ho0

130 F OflA T f(IH v I X H. h) SE 4I I N , 2 X* 6 IF /5E C # X 9HI LF /I 2 .2 X, P A 900

Z.9mf LCF/INf2). * LX,91-1 OTU/L8M I / P'~J 1, 2

150 FQRM~AT(1H0,I~x.1O6HT#.RuSr PARAMETFRS (THRUST COMPCtJENTS HAVE bf(EN Pki 9--0

IVULTIPLIED BY THE RtAT13 OF INITIAL YO LOCAL PAS!; FLOW RATF),/IH IP. 't,()

2CX.1'HCR0SS SECTION ARFA..ZX.FIO.4.ZX.JH(IN**2).4X.Z22MASS FLOW RAPK*4 )10
3TE RATIO A#2X.fI0.S./11I£ ,IOX,9HXrfqRUSI z,2xvF9.2@1x*SmfLF.6.9mP',l4 180
4yrHIkuST a.ZX.F1.2.IE.5HLBF)6X9tlTHRLiSI -q2X.f7.Z.14#5H(LbF1).//1";N 940
51 *10X.9HXl4OMT s.2X.F9.Z.1Xt8H(FT-L11F).3X.9HYP'UMT x.2x.FT.2 I XPKelft't,
6*#$H(FT-L8FJ#3E*9HlPol0r m*2x.FT.?.11.8H(FT-LOFJJ P14,4101(

160 FOR(MAT I1H0.10x,3INBOU')OARY AfiD IViEgt-QA FL0i. PARAME!ERS) cfo
110 FORMAT (IHO*1OR,2414Ull'OAAY FLOW PARAMETERS) PS&.1oiu
160 FORMAT (IHO./I8I4SOLUTIIN SURFACF -tlOXt3fHX .2.2.i~'...41

16HPLAmE ?!1) Pkf'g1050
190 fORMAT (IHI) Ro(th 101,
200 FORMAT (IHO.IOE.27HXSTEP REGULATION P*APIFTERSI/IH. ,10Xsl9HtfIII~P1(,0

IG POINT I .X1.I ANLJ0,IX.3HJ a. .I2,5x,1ImSAfftY FACTOR - Pt*6
2IO.SvSX*1ObIDfLTA X - f( £0.4) py 1 1001

END £1-
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A new method of characteristics numerical scheme for three-dimensional steady

flow has been developed which has second-order accuracy. Heretofore all 5uch
schemes for three-dimensional flow have had accuracies less than second-order. A
complete numerical algorithm for computing internal supersonic flows of the type
encountered in ramjet, scramjet or rocket propulsion systems has been developed
and programmed for both the IBM 7094 and CDC 6500 computers. The method has -been
tested for order of accuracy using the exact solution for source flow and Prandtl-
Meyer flow. The results of these tests ha-ve verified the second-order accuracy
of the scheme. Additional accuracy tests using existing methods for solution of
two-dimensional axisymmetric flows h-ve shown that the scheme produces accuracies
comparabie to that of the two-dimensional method of characteristics. The computer
program has been used to generate the flow field for several three-dimensional
nozzle contours and for nonsymetric flow into an axisymmetric nozzle. These
resul- reveal the complex nature of three-dimensional flows and the general ina1-
equa ' quasi-three-dimensional analyses which neglect crossflow. An operationall
conven .-nt computer program was produced. The program has the capability to
analyze nonisoenergetic and nonhomentropic flows of a calorically perfect qas or
homentropic flows of a real gas in chemical equilibrium. The initial-value surface
options include uniform flow, source flow or axisymmetric tabular data. The
nozzle boundary options include conical nozzles, axisymmetric contoured nozzles
and super-elliptical nozzles.
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